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MISCELLANEOUS DATA 3 
A. LOGIC VOLTAGE LEVELS: : 
(UP) (MAX) «(MIN)» (DOWN) (MIND. (MAX) E 
1 + 46.28 TO +2:0 +.3 T0 0 STANDARD LOGIC - 
2, +38.9 TO +28.4 #1.3 TO © SOLENOID AND LAMP LOGIC HT 
3 43,5 TO +.65 -0.5 TO -3.5 FILE LINE DRIVER/RCVR LOGIC 
b #30 TO +23.2 ~36 READ SELECT BLT 
5, 46.0 TO -0.5 -26.2 TO 28.0 WRITE SELECT ed 
6 46.0 TO 45.0 +2 TO 0.0 ERASE SELECT ia) 
7 +3. «10 41.7 -25.0 10-36.0 Y SELECT ¢| 314 
8, 450° «TO 417 #0.7 TO -0.15 FCU LINE DRIVER/RCVR LOGIC FRR | 
B, SPECIAL VOLTAGE LEVELS: , fle 


TRANSDUCER OSCILLATOR oayret A2/600?7 = 10.42 TO 13.2 VAC P-P 
(REFER TO LOGIC FU/FLOS 


FILE BUSS LINE, TAG LINE USAGE 


BUSS CONTROL SET HEAD SET DIFFERENCE SET CYLINDER 
0 WRITE GATE NOTE 1 SET FWD. LTH. RESET DIFF 128 SET CAR-128 
READ GATE NOTE } RST UNSAFE NOTE 2 RESET DIFF 64 SET CAR-64 
2. . SEEK START NOT USED RESET DIFF 32 SET CAR-32 
3 RESET HAR SET HAR -16 RESET DIFF 16 SET CAR-16 
l ERASE GATE SET HAR-8 RESET DIFF 8 SET CAR-8 
5 HEAD SELECT SET HAR-4 RESET DIFF & SET CAR=4 
6 RETURN TO 000 SET HAR-2 RESET DIFF 2 SET CAR-2 
7 ADVANCE HAR SET HART RESET DIFF 1 SET CAR-} 
NOTES: 


1, READ AND WRITE GATES CANNOT ACTIVATE THE READ/WRITE CIRCUITS WITHOUT HEAD SELECT. 


2. BUSS 1 AND SET HEAD WILL RESET FILE UNSAFE (SELECT LOCK) ONLY UNDER INDEX WHEN 
PERFORMING THE FILE SAFETY DIAGNOSTIC TESTS. 


ADDITIVE CARD CODES {ACC) 
ACC DESCRIPTION 
2X 8 SW | 2844 ATTACHMENT IN 2314 
CHN ACC AIRLINES BUFFER FEATURE 
2 CH SW TWO CHANNEL SWITCH FEATURE 


N 2 CH SW NO TWO CHANNEL SWITCH 
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THIS DOCUMENT CONTAINS ADVANCE REFERENCE INFORMATION. , 


BECOME FAMILIAR WITH CONTENTS, FILE IN FEMM FOR 
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SUBJECT 

HEAD CLEARANCE GUAGE P/N 2200110 
RADIAL ADJUSTMENT CHECKING PROCEDURE 
HEAD CLAMPING PROCEDURE WITH CLAMP 
STRIPS AND SPREADERS RELEASED ON 

E/C 422910, 


BIT COUNT APPENDAGE oe 
RELEASED ON E/C 420949 AND E/C 420664, 
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SECTION 0 


HEAD CLEARANCE GAUGE P/N 2200110 


THE PURPOSE OF THE HEAD CLEARANCE GAUGE !$ TO CHECK FOR HEAD-DISK INTERFERENCE 
WITH WORSE CASE DISK PACK.IN UNLOADED CONDITION. 


THE GAUGE MUST BE USED WHENEVER A HEAD 1S REPLACED. 


THE GAUGE MUST BE KEPT IN THE KIT SUPPLIED WHEN NOT IN USE & SHOULD BE CHECKED 
FOR ANY TYPE OF CONTAMINATION BEFORE USING. 


DESCRIPTION OF USE: 





AFTER THE HEADS HAVE BEEN INSTALLED & ALLIGNED THE VERTICAL POSITION MUST BE 
CHECKED USING GAUGE 2200110. THE GAUGE SHOULD BE PLACED ON THE MACH | NED 

PORTION OF THE BASEPLATE DIRECTLY IN FRONT OF THE CARRIAGE, WITH THE. GAUGE 

FLUSH AGAINST THE BASE OF THE CARRIAGE & CENTERED BETWEEN THE -HEADS, THE HEADS 
SHOULD BE MANUALLY EXTENDED UNTIL THEY ENTER THE SLOTS OF THE GAGE IN UNLOADED 
CONDITION. TRIP HEAD LOAD CAM LATCH BEFORE MANUALLY EXTENDING 
CARRIAGE. BE SURE THAT THE HEADS ARE COMPLETELY UNLOADED. 


NOTE: ALLOW THE GAUGE TO REST ON THE BASEPLATE WITH ITS OWN WEIGHT. 
DO NOT HOLD IT IN PLACE MANUALLY. IF ANY OF THE HEADS INTERFERE 
WITH THE FINS ON THE GAUGE, THE HEADS MUST BE REMOVED & 
RETURNED TO PLANT FOR REWORK. 


NOTE FOR WTC ~- MACHINES ONLY 


MACHINE SERIAL NO. 73-10163 TO 73-10260 THE ABOVE MACHINES MAY NOT 
HAVE A CUTOUT IN THE BOTTOM OF THE SHROUD FOR CLEARANCE OF THE GAUGE. 
REMOVE THE SHROUD ON THESE MACHINES TO PLACE THE GAUGE AND REINSTALL IT 
AFTER HEAD CHECK, 
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SECTION | 


THE PURPOSE OF THIS INFORMATION IS TO NOTIFY THE FIELD OF A METHOD OF 
CHECKING RADIAL ADJUSTMENT OF THE INDEX TRANSDUCER TO DISK CLEARANCE, 


TO CHECK FOR THE PROPER DISK-INDEX TRANSDUCER CLEARANCE, INSERT 6 IBM 
CARDS BETWEEN THE EDGE OF SURFACE 17-18 AND THE STEPPED FACE OF INDEX 
TRANSDUCER, ROTATE THE PACK TO VARIFY THAT NO BINDING OCCURS BETWEEN 
THE CARDS AND EDGE OF SURFACE 17 - 18. TO CHECK FOR MAXIMUM ALLOWABLE 
CLEARANCE, REPEAT THE ABOVE WITH 8 18M CARDS, BINDING SHOULD OCCUR 
WHEN PACK 1S ROTATED. {IF BINDING OCCURS WHEN USING 6 CARDS OR NO 


BINDING OCCURS WHEN USING 8 CARDS, ADJUST PER THE FEMM TO MEET THE ABOVE. 
REQUIREMENTS, 


6 CARDS - GO 
8 CARDS ~ NO GO 
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SECTION 2 


THE PURPOSE OF THIS INFORMATION IS TO NOTIFY THE FIELD OF THE PROPER HEAD 


CLAMPING PROCEDURE REQUIRED WITH THE LASTEST LEVEL CLAMP STRIPS AND 
SPREADERS RELEASED ON EC 422910, 


NOTE: HARDWARE AT EC 422910 LEVEL 15 DISTINGUISHABLE IN THAT THERE IS 
ONE SINGLE CLAMPING STRIP-NOT INDIVIDUAL SMALL CLAMPS, 


| 
INITIALLY THE CLAMP SCREW SHOULD BE LOOSENED, THE ADJUSTABLE BACK STOP 
SCREWS BACKED OUT 1/8 TURN AND THE HEADS PUSHED BACK AGAINST THEN, | (DO 
NOT USE DUCK BILL PLIERS, USE HEAD ALIGNMENT TOOL AS A HOOK). THE 
CLAMP SCREW IS TURNED IN UNTIL. IT 15 FINGER TIGHT AND THEN TIGHTENED AN 
ADDITIONAL 3/8 TURN (135°). CHECK To ENSURE THAT HEADS ARE HELD BY 
CLAMP SCREWS 1.£. NO BURRS ETC. THAT LEAVE THE HEAD ARM ASSEMBLY LOOSE. 
IF TWO HEADS ARE HELD BY ONE SCREW, BOTH HEADS WILL REQUIRE ALIGNMENT, 


WHEN ADJUSTING SEVERAL HEADS, LOOSEN CLAMPING SCREWS ONE AT A TIME ONLY | 
AND ADJUST HEADS TWO AT A.TIME, HEADS } AND 18 ARE ADJUSTED INDIVIDUALLY, 
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SECTION 3 


THE PURPOSE OF THIS SECTION 1S TO NOTIFY THE FIELD OF THE FUNCTIONAL 
CHARACTERISTICS OF THE IMPROVED ERROR DETECTION SYSTEM CALLED BIT COUNT 
APPENDAGE (BCA). €/C 420949 INSTALLS THE HARDWARE PORTION OF BCA. €/C 420664 
INSTALLS THE MICROPROGRAM PORTION OF BCA. THE FUNCTION DESCRIBED BELOW IS NOT 
OPERATIONAL UNTIL BOTH E/C 420949 AND E/C 420664 ARE INSTALLED. 


FUNCTLONAL DESCRIPTION 
A. BCA CONSISTS OF TWO ADDITIONAL CHECK BYTES APPENDED TO THE EXISTING BURST 
BYTES. BCA !S PROVIDED TO IMPROVE THE RELIABILITY OF THE ERROR DETECTION 
SYSTEM. ERRORS ARE DETECTED {N READ MODE BY CHECKING THE BURST BYTES (AS 


BEFORE) AND BY PROCESSING BCA. REFER TO SECTION 3, FIGURE 2 FOR AN 
ILLUSTRATION OF TRACK FORMAT. 


B. THE FIRST BYTE WITHIN BCA IS CALLED THE INDICATOR BYTE. IT IS PROVIDED 


SO THAT MACHINES WITH THE BCA FUNCTION INSTALLED WILL BE ABLE TO READ 

DISK PACKS THAT DO NOT HAVE BCA RECORDED (OLD FORMAT) AS WELL AS DISK 

PACKS THAT DO HAVE BCA RECORDED. THE INDICATOR BYTE PROVIDES A: SECONDARY 
FUNCTION THAT WILL ASSIST THE C.E£. IN TRACING WRITE PROBLEMS. THE ADDRESS 
OF THE PHYSICAL DRIVE THAT FORMATTED THE FIELD IN QUESTION 1S PROVIDED 
WITHIN THE (INDICATOR BYTE. BITS 0, 1, 2, 3 DEFINE THE CONTROL UNIT ADDRESS. 
BITS 4, 5, 6, 7 DEFINE THE PHYSICAL DRIVE ADDRESS (A-J) AS SPECIFIED IN 


SENSE BYTE 4& (REFER TO CLD VOL 1, PAGE QA030). !F BCA 1S NOT PRESENT, THE 


BYTE FOLLOWING THE BURST BYTES [S A HEX "'CC'’. IN NO CASE WILL THE INDICATOR 
BYTE BE HEX ''CC"”, - 


NOTE: WHEN REQUIRED, THE INDICATOR BYTE CAN BE MADE AVAILABLE BY EXECUTING 


THE PROPER SEQUENCE WITH "'FRIEND'’ DIAGNOSTIC AND BY: 
1. "SCOPING THE END OF THE FIELD, OR BY 


2. STOPPING THE MICROPROGRAM AT WORD 37C ON QRO31 OR 3BA ON QRO4I 
AND DISPLAYING THE ''BY' REG., OR BY . 


3. READING THE BURST BYTES ANDO BCA BYTES INTO CORE USING A SPACE 
COUNT COMMAND AND READ (KEY) DATA CCWS. 


EITHER METHOD 2 OR 3 1S RECOMMENDED. 


C. THE SECOND BYTE WITHIN BCA 1S CALLED THE BIT COUNT BYTE. THE BIT COUNT 1S 
FORMED AND RECORDED WITH THE FOLLOWING SEQUENCE: 


1. COUNT THE DATA BITS IN THE SYNC CHARACTER INCLUDING BIT 4 INTO THE ''BC" 
REG. 


2. ADD TO THE ''BC'’ REG THE DATA BITS IN THE FIELD. 
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SECTION 3 


(CONTINUED) 

3. ADD TO THE "'BC'' REG THE DATA BITS IN THE FIRST BURST BYTE. 
4, RECORD THE INDICATOR BYTE. | 

5, INVERT AND RECORD THE ''gc'' REG CONTENTS. 


IN READ MODE, THE BIT COUNT IS ACCUMULATED AS ILLUSTRATED 
ABOVE. AFTER CHECKING THE BURST REGISTERS, THE MICROPROGRAM: 


1, TESTS THE BYTE FOLLOWING THE BURST BYTES FOR HEX "CC", IF HEX ''cc"! 
THEN EXIT, OTHERWISE GO TO STEP 2. 


2, READ IN THE NEXT BYTE, INVERT AND COMPARE WITH THE "'BC'’ REG, 
3. %F UNEQUAL POST ''DATA CHECK". 
THE HARDWARE ACCUMULATES THE BIT COUNT IN A BINARY COUNTER (''BC'’ REG). 


THE MICROPROGRAM DISABLES THE COUNTER ADVANCE CONTROL AT THE PROPER 
POINT IN TIME. 
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RESET 


FIGURE 1: BCA HARDWARE 


HARDWARE DESCRIPTION (REFER TO FIGURES | AND 2) 
THE HARDWARE RESETS ITSELF DURING THE ''AM'' AREA, 


THE ADVANCE LATCH SETS AT "DATA GOOD'' TIME, WHICH ALLOWS THE COUNTER TO 
ADVANCE WITH EACH DATA PULSE. 


IN WRITE MODE, THE MICROPROGRAM SETS THE DISABLE LATCH WITH THE STATEMENT 


CX-—>D, WHICH OCCURS DURING THE FIRST BURST BYTE. THE ADVANCE LATCH 
RESETS WITHABRO. 


IN READ MODE, THE MICROPROGRAM RECOGNIZES THE LAST DATA BYTE AND GENERATES 
THE STATEMENT DRM DR =D, WHICH SETS THE DISABLE LATCH. THIS OCCURS AS THE 
FIRST BURST BYTE 1S BEING READ. ‘THE ADVANCE LATCH RESETS WITH BRO. 
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| DATA GOOD* | ry 
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i ADV LATCH : | 
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DISABLE LATCH ** | ZF | ” 


* DATA GOOD FALLS DURING THE FIRST BURST BYTE IN WRITE MODE 


wk SETS WITH DRA DR->=D IN READ MODE. 
SETS WITH CX—>D IN WRITE MODE. 


FIGURE 2: TIMING CHART AND FORMAT OF BCA 
FOR BOTH READ AND WRITE 
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TESTING FAC iL ITY 


ROUTINE ''DO'' OF IN-LINES TESTS THE BCA HARDWARE TO ENSURE THAT THE LoGic 
COUNTS CORRECTLY IN BOTH READ AND WRITE MODES. REFER TO ERROR CODES HEX Hye! 
AND "K6" OF CLD VOL. 2, PAGE QY092 AT E/c 420664. 
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PREFACE 


This manual consists of maintenance diagrams for the IBM 2314 


Direct Access Storage Facility and the 2844 Auxiliary Storage Control. 


The sy stem diagrams at the engineering level of the equipment 
should be used in preference to the maintenance diagrams wherever 
there is a conflict between the two types of diagrams. 


Third Edition 


This edition (Form Y26-4001~2) is a reprint of Form Y26~-4001-~1 
and incorporates supplement Y26-0590. 


Specifications contained herein are subject to change from time to 
time, Any suchchange will be reported in subsequent revisions or 
Field Engineering Supplements. 


Copies of this and other IBM publications can be obtained through IBM Branch Offices. 
A form is provided at the back of this publication for your comments. 


This manual was prepared by the IBM Systems Development Division, 
Product Publications, Dept. 455, Bldg. 014, San Jose, California 95114. 


© Intemational Business Machines Corporation, 1967 
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GENERAL INFORMATION 


The Unit Data and Control Diagram (UDCD} 2110 shows the Storage Control Unit (SCU) part 
of the 2314. The UDCD 2120 shows one of the 9 storage modules along with connections to 
the SCU registers and data flow paths. 2130 shows the data flow, of the 2314/2844. 


The 1/O operations diagrams 4110 through 4180 show both SCU and module circuits for read, 
write and seek operations as well as channe! ottachment circuits. 4131 shows the two channel 


switch interface circuits. 


In positive logic representation, signal levels are disregarded. The negator (N block symbol) 
is used to invert logic, not level. Passive elements (such as drivers and pulse shapers) 


generally are not shown, since they contribute nothing to the logic. 
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Conn LA 
Sk Incplt Drv B 
Conn 1 B 


SK Incplt Drv C 


Conn 1 C 


Conn 2A 


Conn 2 B 


Conn 2 C 


Index Drv A 
Conn 1A 
Index Drv B 
Conn 1 B 
Index Drv C 
Conn 1C 


Conn 2A 


Conn 2B 


Conn 2 C 


Sheet 3 
314/2844 





© 
| CIR] 
2{ | {el + 
els| |F 
ar O1A 
el WC Sense Drv 3 > ‘i 
A a, | 
cat [ele 
: Qls ll 
|| JA “IF is 


fe. So WC Sense Drvs 
ia a 


A+B+C CU 2 


JROS1 


a 
Pk Chg Drvs 
rH. &D> 
A+B+C CU 1 
+r A 


JRO6I 


aerenal Ree aoe 
JROGI 
ar 
Es 
End Cy! D 
[| ja cae at AL) 
| 


rk End Cyl Drvs ED 


A+Bt+C CU 2 


JRO61 
ar 
if Sk Incplt Drvs 
le : A+B+C CU | AK) 
L | 
Loa 


| Sk Incplt Drvs 
A 
A A+BHC CU 2 AL 


Fecal 
JRO71 
LTA 
i Index Drvs 
Ht e At+B+C CU 1 [AMD 


aa | 
ndex Drvs TAN 


AtBt+C CU 2 


2314/2844 FEMDM (5/67) 4190-3 








a . ‘ 


t ~ L 








JA14) ie, x Index CUI. 
Repeated for GU 2 on , 
JBI41 ond JBI51. I 
+ ‘ Bysy Drv Sel CU} i 
Conn Mod 0 to CUI Busy Mod 0 nett ee ne Mod 0 CU 2 eaiiacia 
Conn Mod 0 to CUZ T _| ot) Busy Mo A pala Modo cul _—{ cul > 
Busy Drv Sel CU 2 amt rs SIP+PC CU 1 Mod 0 | cul _» 





Form Y¥26~-400}-2 


FES ¥26-0622 














CAR 1 Orvs AtB+C CU } 
CAR | Drvs DtE+F CU I 
CAR 1 Drvs GtHtj CU I 


Repeated for) 


each CAR bit. ! 










WHC Sns CU 1 











= 
Ss 
oO 
x 
a 
Zz 
Q 
= 
3S 
a 
0 
$ 


oe wd 
uo 
= 
3 
“" 
- 
<= 
2 
ad 
~ 
m 
°Q 
2 
few 


+ 
on 
3 

= 

a 
¢ 
a 


& 
es i 
a 
> 








Pack Change 
Ory Sel CU 1 






CAR 1 Drvs AtBtC CU 2 


= - - Chg Drvs AtB+C CU 1 
CAR } Drvs O+Et a 


Cha Orvs DrE+F CUT 















ToS Sel PC Latch CU | | Pack Chg CU Leary 


JAN51 


JAI4) 






Busy Drv 
Sel CU] 






End Cyl CU) 






On Line 
CU 1 


eehooe a--t--- 








JAIN]; 


| Control CU | i if es ss ! Repuated for. | 

Poel 4108) Repeat for peack module. 

cu y psoas CU 2 A each module . ‘ I 

. 71003 © in| (Not) Connt Res Mod 0 CU | 
Atta Drv A sid =e UN) Bs Mod 0 Atn Mod 0 CU 2 [cuz 


A 
Als 0 Attn Mod 0 Bri} 
a jor — rR (Not) inhibit Mod Sel Dry A 
a 





[Siva 







1 8001 


4 Other 4JS00} Repeated for 
Repeated for 1sANDs each module. 
each module. ! 





Mod Sel Drv A 
{albwa TD 


J3CO9} Repeated for 
each module. 


Conn lA 


. Conn lA 
shina sccciah, Fey yom fT 
= 


Pour psec cu 


Peu2 Seal CU 2 ; 
Set C = 
Syl U2 ; 


Set Hd+Sign CUI | 





PIAL | sos 
cul TL fo Set H+S Drv A Drva > 
cur 3 Hd+Sign CU 2 rT Ha | . 
--“JE007 
—~\ Set Diff CU I L- 
}cul > | Set Olf Orv A {dv A> A 
Set Diff CU 2 Raa 


CU 2 


JEO01 aa Repeated for 
“| each module. 


V/O OPERATION DIAGRAM ‘Two By Eight Switch 


s 
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el oie ae cn 








fF ey 





a en ee etd ee ee gee 7 





















































































Pl a oy oy 
= So gs 
a ° 2 
i g Control DivA = s 
: © 
s = ae eer {Ns > Ea Ba 5 Dv A 8s 
@ ~~ 
& z ' 
s [Be > Sat Cy! Bre Bea) Ban Airco ~-------»p---—{n_> al 
2 so SLO Pret ----{N3-> [ow A> Sea [x8 > 
= Dv A . End Cyl Drv A 
: dtr E> [ek cette ___t_ray 
: see en A [Dw A> [2x8 > | [Dw AD 
s 3 
Ey Set _Hi#5 Drv A Test Bus 6 Drv A Test ; 
: PoAtet aa op --- {BE ee BEDNAR gy 
o A : 
2 Attn Drv A _% CAR 2 Dv A y 
3 Set Dif Drv A Bus 7 DrvA 
Oe ee ee seats ee----Ns. > pie ee eee TAR ees epee WS. > ; 
ap. Sk Inc Drv A ‘ CAR! DrvA 
“ Bus O Drv A gen : . : }- 
Em, — f ) 
: Bus O DrvA Test Meee Pane ah me-—-[NS > 1 [23> CAR TF Drvs A+BHC CUT i 
‘ i Ranenied for CAR] Drs DEF CUT 
CAR 128 Drv A ' ' CAR 1 Drvs GHtI CU 1 
[rv A i CD2..Jf2at. 4 
t 1 ots ; 
ke tae cwomeorcy: PE 
Ret De A” 1 Diognostic Req Bit 0 CUT 
[ova > ! JE Reg 7 CUI sm Gote Diog Test to OA CU] ae 
Bus 1 Drv A Test fNs. > i ; [2x8 Busy Latch 7 
CAR 64 DivA ¥ ; . => 4190 Sheet 2, A4 TNS. > Diagnostic Reg Bit 1 CUI EE : 
rv Ox . a . } 
[ow a >— [2x8 > ’ A 
On Line Drv A t Aux Ctl CU 1 (ETS) Conn + Rsv 7 To CU2 a ; 
[bya >———-Sutiee A ___f__pe | [qyeasucur | | eet HH | 
i ad Diognestic Reg Bit 2 CU 1 
Ec Sui De wa D> | fear UL | eee, 
Z 3 CAR Bit 1 CUI 
Bus2DrvATest ---{ws. > | feor yenocus Diagnostic Reg [axe >——SIPZPC CU I Mod 7 al —{ cul > 
i ue Bit OCU T NS.) Diognestic Reg Bit 3 CU) |_| : 
wa ! [Ns ae : 
: A ? 
i. . f 
Sheet 2, [a Div Selected Test CU} — : 
EY TNS. >is gnostic Rec -Bit 4 CU } os Oe 
' : t a , : 
} 
a, Ps . [Ns Bus Test Bit 7 a arden 
1 feuy yes cu) Diognestic Reg Bit 5CU ] | 
' . 
i ee ; Conn+ Rsv 7 to CUT i 
ms ' ST210, 5 ° > 
i" - 5T200 : : wee 
t This is repeoted for each module. Module 7 = CAR 1, module obo. 2 
. ae: ’ : G = CAR 128. ti 
: ies - ae Bits 0-5. Repeated aise for CU 2. J1232...Note that diognostic register 4 ... - 
i = 2 ot : bits control what Hine is — aes CAR bit lines. .: : e , 
: . el és ri] vo ~ 1/O OPERATION DIAGRAM = a ee 
JI sane PSE eg TPS pia ae Ewe 2x8 Diognostic Test : 
i This is repeated for each module. ‘The 22 : : 7314/2846 
; plocement of the jumper card is given : “ ob ese 
' on JT250. The module used for the test ; 491 
must be selected as the spare module. ; 
: = 
2 e e “2 - ° 
ms IB C. Be, - MMEe,, Ti, Sonal — a = a = : ° - “ : a ; 
































(19/9) WOWAd phee/PTes 





Z~ tétr 


ISL I soutayc 7 8X WVHDVIG NOLL YUddO O/1 













To CAR bit 
J2 circuit, goted 
by diagnostic 


I 
' 
G 
i 
register bit 3. f 
i 


Sheet 1, D5. 










: ' Repeated for 1 
i A CU 2. JT241,2,3. 1 







Reserve Test CU J 













i Repeated for ; i 

be 1 To CAR bit 

: J CU 2. JT241,2,3. 4 4 circuit, gated 
; by diagnostic 
it register bit 3. 












To CAR bit 2 
circuit,goted 
by diagnostic 
register bit 3, 
for each CU. 


omwe = os ow 







To CAR bit 128 
citeuit, goted 
by diagnostic 
register bit 4, 
for each CU. 





Repeated for 
each bus bit 
ond CAR bit. 








tn oe ee oe oe 












Control Test 







To CAR Bit 128 
circuit, goted 
by diognostic. 
register bit 3, 
for each CU. 












Set Cyl Test 









To CAR bit 64 
circuit, goted 
by diagnostic 
register bit 3, 
for each CU. - 










Set H+S Drv A-J 










Set Hd + Sign Test 







To CAR bit 32 
circuit, gated 
by diagnostic - 
register bit 3, | 
for each CU. 


wm nip oe oun oes - 








Set Diff Drv A-J 










Set Diff Drv A-J Test Set Diff Test 






To CAR bit 16 
circuit, gated 
by diagnostic - 
register bit 3, 
foreoch CU. 












Use to block 
selection - 

of the module 
when the test 
cord is installed. * 









t 


1/O OPERATION DIAGRAM 
2X8 - Diagnostic Test 
| [eer 





H 

















ee 


ee aepeneeanegemitgeerarenietenaenel aay 


i 
3 
El 
i 
i 





(asanelenigncaahe fod iviainaaneaalselaenae tae 


See anette tise erenettp etter 





hangings 


: 





eg der, 


ARNE se ah SE 


ne emt nnee RA ERMA ATO ALATA EARS ia dy eM 


: 
. ap a : ® | 





Form Y26-4001-2 
FES ¥26-0622 






















cu | 
cul 
cu | 
Cu | 
cu} 
CU t 
cu I 
cu 
Cu 
cu 
cu 
CU 


CU 2 
CU 2 


CU 2 
CU 2 
CU 2 
CU 2 
CU 2 
CU 2 
CU 2 
CU 2 
CU 2 
CU 2 
Cu 2 
CU 2 
CU 2 
CU 2 
CU 2 


























Set Diff 


Enter Lines From CU 2 ~ JB001 ~ JB8051 - JDO0I 


Set Diff 





Mod Select 0 
Mod Select 1 
Mod Select 2 
Mod Select 3 
Mod Select 4 
Mod Select 5 
Mod Select 6 
Mod Select 7 
Mod Select Spare 
Reserve Mod 0 

Reserve Mod | 

Reserve Mod 2 


1 
} 
i 
| 
1 
CU | Reserve Mod 3 
| CU 1 Reserve Mod 4 
CU 1 Reserve Mod 5 
CU 1 Reserve Mod 6 
CU 1 Reserve Mod 7 
cul siP Mod 0 
CU) SIP Mod 1 
CU 1 SiP Mod 2 
Cul SiP Mod 3 
cul SIP Mod 4 
CU} SIP Mod 5 
CU 1 SIP Mod 6 
Cu 1 SiP Mod 7 
Control cul 
Set Cyl cul 
Set Hd + Sign CU } 
cu i 


Mod Select 
Mod Select 
Mod Select 
Mod Selact 
Mod Select 
Mod Select 
Mod Select 
Mod Select 
Med Select Spare 
Reserve ModO 
Resarve Mod | 
Reserve Mod 2 
Reserve Mod 3 
Reserve Mod 4 
Reserve Mod 5 
Reserve Mod 6 
Reserve Mod 7 


NS OW & BB WHR —O 


CU 2 SIP = Mod 0 
CU2 SIP = Mod | 
CU 2 SIP Mod 2 
CU2 SIP = Mod3 
CU2 SIP = Mod 4 
CU2 SIP = Mod 5 
Cu2 SIP = -Modé 
CU2 SIP = Mod 7 
Control CU 2 
Set Cyl cu 2 
Set Hd+Sign CU 2 
Cu 2 





Aux Cri 
Mach Rst 
Bus 0 









oa 
c 
” 
ao tr B® WH — 






Bus 7 

CU1DWA 
CU 1 Dw B 
CU 1 Dw Cc 
CU 1D0nw D 
CUIDWE 
CU 1 Ow F 
CU 1DOnG 
CU 10vH 
CU 1Dn 3 
IE Reg 7 
























CU20NWA 
CU 2 On 8 
CU 20NC 
CU 2Dnv D 
CU2D—E 
CU 2DwF 































CU 2 On J 
1E Reg 7 


REFERENCE DIAGRAM Two By Eight Switch Lines 


4196 - 1 
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CU 20NG 
CU 2D0vH 





cu } 
cul 
cu} 
cu 
cu t 
cul 
cul 
CU } 
cu } 
Cu I 
R+W Coax 
R+W Coax 
R+W Coax 
R+W Coax 
R+W Coax 
R+W Coax 
R+W Coax 
R+W Coax 
R+W Coax 
cul 


CU 2 


Coax 
Coax 
Coax 


Coax 


Coax 
Coax 
Coax 


CU 2 





Drv A Sel CU 1 


Dy B Sel CU 1 


Dr C Sei CU} 
Dir D Sel Cu } 
On €E Sel CUl 
Dr F Sel CU) 
Drv G Sel CU 1 
On H Sel CU } 
Dn J Sel CU 1 
Atn Mod 0 CU 1 
Atn Mod } Cy 1 

Mod 2 CU 1 
Atn Mod 3 CU } 
Atn Mod 4 CU } 
Atn Mod 5 CU } 

Mod 6 CU 1 
Atn Mod 7 CU 1 
Atn Mod 8 CU 1 
CAR 1 CU} 
CAR 2 CU) 
CAR 4 CU) 
CAR 8 CUl 
CAR 16 CU 


CAR 320 CU) - 


CAR 64 CU) 
CAR 128 «CU I 
Busy cut 
Online CU 


Unsafe cu}. 


Exit Lines To CU 2 - JB101 - JB151 - JD001 - JT23} 









Ow A Sel CU2 
Dw 8B Sel CU 2 
Div C Sel CU 2 
Dr D Sel CU 2 
Dr E Sel CU 2 








WtC Sns CU) 
Pack Chg CU 1 

End Cyl cu | 
Skincple CU} 
Index cu} 

CU 1DWA Read Data 
CU 1D 8 Read Data 
CU 1D C Read Data 
CU 1 On D Read Data 
CU 1 DweE Read Data 
CU 1 Ow F Read Data 
CU 1 Dr G Read Data 
CU 1D H Read Data 
CU 1 Dw J Read Date 
+6-3 Multitag Sw 
Diagnostic Syne 





W+C Sons CU 2 
PackChg CU 2 
End Cy! CU 2 
Skincplt CU 2 
Index CU 2 


= tea 







F Sel CU 2 
G Sel CU2 
H Sel CU 2 
J Sel CU 2 
Mod 0 CU 2 
Mod 1 CU 2 


CU20vWA 
CU 2 Dr B 
CU 2 Dv C 
CU 2Dnv 0 
CU 2 Owe 
CU 2 Drv F 


Read Dato 
Read Data 
Read Data 
Read Data 
Read Data 
Read Data 









Atn Mod 2 CU 2 
Atn Mod 3 CU 2 
Atn Mod 4CU 2 
Atn Mod 5 CU 2 
Atn Mod 6 CU 2 
Atn Mod 7 CU 2 
Atn Mod 8 CU 2 
CAR 1 CU2 
CAR 2 CU2 
CAR 4 Cu 2 
CAR 8 CU2 
CAR 16 CU2 
CAR 32 CU2 
CAR 64 CU2 
CAR 128 =—CU2 
Busy CU 2 
Ontine CU2 
CU 2 





Unsafe 








CU 2 Dw G Read Data 


CU 2 Drv WH Read Data ~ 


CU 2D J Read Data 
+6 ~3 Multitag Sw 
Diagnostic Syne 











REFERENCE DIAGRAM 











































Sheet 2 
TYPE |2314/2844 


4195 





= 
<< 
ce 
O 
<x 
Qa 
uu 
VU 
Z 
WwW 
[oa 
uw 
LL 
uw 
oc 


CAR 4 On Line PkChg DvG 

CAR 8 Unsafe EndCyl DvG 

CAR 16 WC Sns Sk Inc Dv G 

CAR 32 Pk Chg index Div G 

CAR 64 End Cyl CAR Drv H 

CAR 128 Sk Inc CAR Drv H 

Busy Index CAR Dv H . 

On Line CAR 1 CAR Drv H 

Unsafe CAR 2 CAR Dv H 

WC Sns CAR 4 CAR Drv H 

Pk Chg CAR 8 CAR Drv H 

End Cyl CAR 16 CAR 128 Dv H 

Sk Inc CAR 32 Busy Drv H 

Index CAR 64 On Line Drv H 

CAR] CAR 128 Unsafe Drv H 

CAR 2 Busy WC Sns Drv H 

CAR 4 On Line PkChg DrvH 

CAR 8 Unsafe EndCyl DrvH 
CAR 16 WC Sns Sk Ine Div H 
CAR 32 Pk Chg index  DwH 
CAR 64 End Cyl CAR Drv J 
CAR 128 SkInc CAR Drv J 
Busy Index CAR Drv J 
On Line CAR 1 CAR Dr J 
Unsafe CAR 2 CAR Drv J 
WC Sns CAR 4 CAR Dr J 
Pk Chg CAR 8 CAR Dr J 
End Cyl CAR 16 CAR 128 Dr J 
Sk Inc CAR 32 Busy Drv J 
Index CAR 64 On Line Drv J 
CAR 1 CAR 128 Unsafe Drv J 
CAR 2 Busy WC Sns_ Drv J 
CAR 4 On Line PkChg Drv J 

Sel CAR 8 

CAR 16 WC Sns Sk Inc Drv J 

Attn Div A CAR 32 Pk Chg Index Drv J 

Attn Drv B CAR 64 End Cyl +6-3 Multitag Sw 

Attn Dv C CAR 128 Sk Inc 

Attn Dr D Busy index 

Attn Drv E On Line CAR 1 

Attn Drv F Unsafe CAR 2 

Attn Drv G WC Sns CAR 4 

Atin Drv H Pk Chg CAR 8 

Attn Drv J End Cyl CAR 16 

Drv R+W Coax | Sk Ine CAR 32 

Drv R+W Coax Index CAR 64 

Drv R+W Coax CAR 1 CAR 128 

Drv R+W Coax CAR 2 

Drv R+W Coax CAR 4 On Line 

Div R+W Coax CAR 8 

Drv R+W Coax CAR 16 WC Sns 

Drv R+W Coax CAR 32 

Drv J R+W Coax CAR 64 

CAR 1 DvA CAR 128 

CAR 2 DwA Busy 


Beeeeoeoeseoeeeeeoeeeeomeedeeomeede eo omeeee Oe 


NO O B WMH —| © 


, 


tiaeate End Cyl Dr J 


NO OG B&R WY = O 


Busy 


Unsafe 


rQat™tr on F > 


NO OG B® WO NY — O 


A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
B 
B 
B 
B 
B 
B 
B 
B 
C 
C 
C 
e 
C 
C 
Cc 
G 
C 
D 
D 
D 
D 
D 
D 
D 
D. 
D 
E 
E 
E 
E 
E 
E 
E 
E 
E 
F 
F 
F 
F 
F 
F 
F 
F 
F 
G 





7 


% 


| 
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Dp saver pa 





Tectia oglu aie eee ental nea 


Exit Lines To The Modules - JCO91 - JDOO1 - JE001 


Mod Sel Drv 
Mod Sel Drv 
Mod Sel Drv 
Mod Sel Drv 
Mod Sel Drv 
Mod Sel Orv 
Mod Sel Drv 
Mod Sel Drv 
Mod Sel Drv 


XrQoT™nmroneF > 


J 


Dv A 


Drv B 


C 


D 
E 
F 
G 
H 


J 


Write Data 
Write Data 
Write Data 
Write Data 
Write Data 
Write Data 
Write Data 
Write Data 
Write Data 


Control Drv 
Set Cyl Drv 
Set H+S Drv 
Set Dif Drv 
Bus 0 

Bus 

Bus 

Bus 

Bus 


A 


r->Pr>rYprPYprPp Pp > 


Bus 5 DvA 
Bus 6 DvA 
Bus 7 Dv A 
Control Drv B 
Set Cyl Drv B 
Set H+S Drv B 
Set Dif Drv B 
Drv B 

Drv B 

Drv B 

Drv B 

Drv B 

Drv B 

Drv B 

7 DvB 
Control Drv C 
Set Cyl Dv C 
Set H+S Drv C 
Set Dif Dv C 
Dn Cc 
Dv Cc 
Dv C 
Dv Cc 
Dv C 
Dv C 
Dv C 
Dv Cc 


N OO QO B® WY — CO 


REFERENCE DIAGRAM Two By Eight Switch Lines 
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Control Drv D 
Set Cyl Dv D 
Set H+S Drv D 
Set Dif Dr D 
Dr D 

Dr D 

Dr D 

Dn D 

Drv D 

Drv D 

Dr D 

Dr D 

Control Drv E 
Set Cyl DvE 
Set H+S Drv E 
Set Dif Dv E 
0 DveE 
DvE 

Dv E 

Dv E 

Dv E 

Dv _E 

Dv FE 

7 DveE 
Control Drv F 
Set Cyl Drv F 
Set H+S Drv F 


Set Dif Drv F. 
Drv F 

Drv F 

Drv F 

Drv F 

Drv F 

Drv F 

Drv F 

7 DvwF 
Control Dv G 
Set Cyl Dv G 
Set H+S Drv G 
Set Dif Dv G 
0 Dv G 
1 DvG 
2 DwG 
3 Dv G 
4DnG 
5 DvG 
6 Dv G 
7 DvG 
Control Drv H 
Set Cyl Dv H 
Set H+S Dv H 
Set Dif Drv H 
Bus 0 DvwH 
Bus 1 DwH 


Bus Drv H 
Bus Drv H 
Bus Dv H 
Bus Dr H 
Bus Drv H 
Bus 7 DWH 
Control Drv J 
Set Cyl Drv J 
Set H+S Drv J 


Set Dif Drv J 


0 


Drv J 
Drv J 
Drv J 
Drv J 
Dr J 
Dr J 
Drv J 
Drv J 





REFERENCE DIAGRAM 


Two By Eight Switch Lines 


Sheet 3 
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eeoomoeeeeee 
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TRANSDUCER 


’ mentee a A am ee i eR mR | mE commerce: SmI SAAS te em 
ae 
+6 
4 0 : 
x ° 
2 } : G08 - AMP ale se 
a pee ee eee RECT FILTER INDEX 
“h DET a 
v 
w 4 
=3 
AMP 
p02 J02 













FILTER 


ane Geen wl eimai wrth eatin 





NOTES: 
1, REFER TO LOGIC FU/FLO56 


CIRCUIT DIAGRAM - Transducer Circuits 











FILTER 


| DETENT: 





oereermf 




























TRANSDUCER CIRCUITS 


CYLINDER 


44 FEMDM (5/67) 


A 
6030 


5030 








a en aA er a a et ep Ig gh a AN RP a Seaton ge nerga sien ptagtelyoac sng Bosna bys SoaNnac NAN fuses asnLeAS TEL send ethan ay Maen NAA GN Ha aA a Ree a PL ont encase i. Sy gl a Sy a Ss AAR a aa og ns ecu sea apa Mane yo hiaL Ty agg ase PUNE uN AS AIR sa peg mia a aed a nN ug sa el yom pa al 











G2) 





O- 3%E 


s 5 | ioe . 5 * 6 vat WS ¥: 8 vO. 9 a3 
a : Be 
wo ome as Senta: ee es ES ee ee ‘ 
zs & YY SELECT 0-9 azcr MATRIX GWRITE DRIVER |. RE [eae OC Se eS Sot? fee ae ss s 
= = . a azdr [reap awe a2Bi eet Oe oe 2 33 
& 2 ; = wRew | ae 
£ | “EAD 5 S 
= son : Z 
2 % % 
5 ! 
C 
+ 
oO 
= 
= 
mm 





Pan 3K ROL 
6 
% 


| 


| 
| 
| 
| 
| 


CIT? 
oCTLip 
"i 


08) 























CAR 128 | 2K > 
#02803 > Jsi0n c 
D | ests +E: 
| = 043 . _ 
* O+6 QO % 
| 620 gn i fi NS ee er ot ee : L : 
+iRHIFIT 13] + AMY WRITE j je ae = i 
WRITE HT ali Be ~ CURRENT 209 4 
*A1B09 | 300 1 Pio : T he AL BIZ | ECR (003 e 5 a +3 R 
ke +. #8 ERASE SAFETY 6% 3 3] Wr S27K 7 ; k 
. : t "3 2k : 
. . @.@ | 1 bron P| Be rong : 
2x (80 t+ 7 5 ‘ 
| 3K a | 7 = a A 
<WRITE Xo. ON rh gas i se re (2) a tS e 
HAZBIE Gp) Hy ev? 3821 Y “« =; $3 (@04) TH tL = 
| ats 3 2 sSi@ 3 Be c 
| wt @?) ae 12K reer 6-3 *, Ba 
S45 82ph 4 - t D6 ; i 
(n) G0) Sg Hy 22K 
—_— ali exe 
“WRITE Xi 4 ta Lo * Cf mis 
A2 DIZ ai ie | LB i = at o 
{ is i , (104 sia asap HT Y 
1. x ' WRITE SAFETY 
rie (603) So 
ree ~TWO WRITE (5) 3 |. +any erase 
BE sis eo 5, : sie L___ 
. a eee — _—_—— — a +SEL — ae 
(1) * ante GATE 
AZ 





SAFETY CIRCUITS 


+SEL'D SEEK RDY 












hos 2 
OR FL 
-SEL'D RO GATE sg, RAW UNSAFE 
A | LATCH (NOTE 1) 
A FL 
=SEL'D WR GATE 
FL 


-SEL'D ER GATE 











CONTROL UNIT RESET 


: (NOTE. 2) f 
: 


+INDEX 


+BUSS 1 (A64) 


+5EL'D SET HO 


_ PACK CHANGE RESET 


SSeQUeNce STAM 






“CE RESE 
SETOR POWER ON RESET sae tcea 
~ TWO WRITE . LATCH (NOTE 3) -, 


OR 
= TWO ERASE MS - kh 


~ MULT Y SEL x 


ER | 


+ SEL’D WR GATE UNSAFE (NOTE 4) 


/ 


* ER CURRENT 


« SEL'D ER GATE ER UNSAFE (NOTE 5) 


+ ER CURRENT (SET) 


Lf 
iy 


WR UNSAFE 
+ WR CURRENT (note 4 SS 


ss 


’ 


« SEL'D WR GATE 
FILTER CONTAMINATED 9. 


| AC WR TRANSITION 
+ SEL'D WR GATE UNSAFE (NOTE 7) 


SS 
“AC WRITE : ft 


‘ 


_* HEAD SELECT 


OC PQWER UNSAFE (NOTE 8) 






AC POWER UNSAFE (NOTE’9) 


+UNSAFE 
“SAFE 


AC SAFTY 


+36 Vde RELAY 


“HEAD SELECT 


NOTES: 
1, REFER TO LOGIC FU/FLO9O ANDO FU/FLO93 
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+ INITIAL SEEK LATCH 


+ OR = 3V OVERVOLT 
+ OR + 3V UNDERVOLT 
+ 6V'OR « 36V OVER/UNDERVOLT 





Form ¥26~-4001-2 
FES Y26-0622 . 





oh eee | £ 
NOTE 1 $EEK AND WRITE OR 2 
SEEK AND ERASE OR « 

READ ANO WRITE OR o 
READ AND ERASE | E 

NOTE 2 GONTROL UNIT RESET ay 

NOTE 3 TWO OR MORE HEADS SELECTED 

NOTE 4 WRITE BUT NO ERASE 

NOTE 5 ERASE CURRENT, ERASE NOT SELECTED 

NOTE 6 WRITE CURRENT, WRITE NOT SELECTED. 


NOTE 7. A GAP OF THREE OR MORE WRITE 
TRANSITIONS EXISTS. AT -THE-HEAD yi, 


NOTE 8 . THESE THREE VOLTAGE BALANCE POINTS 


“SHOULD MEASURE O VOLTS + 0,2V IF 
THE DC VOLTAGES ARE CORRECT, — 
NOTE 9 AC POWER OR +36V FAILURE 


NOTE 10 FILTER CONTAMINATED; TESTED ‘ONLY °° 
WHEN POWERING UP-DRIVE; se oornm 
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+ FILE UNSAFE | 


N.  #FILE UNSAFE 


WR UNSAFE 
LATQH 









(NOTE 40) 
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poche pean neta ta 
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CONTROL PWR SUPPLY RELAY POWER 





YA007 


ENERGIZE KI-EMERGENCY PWR OFF CKT 1S NORMAL 
KI AND K6 K6-SUPPLIES PWR TO CONVENIENCE 
OUTLETS 


cet cad nan see ee ip ae 





YA021 


deat 








apna sNn 










s NORM/IN LINE 







USING SYSTEM 
INITIATES PWR- 
UP SEQUENCE 





2314 PWR 
SWITCH ON 














ENERGIZE... | oie is" °F suppLy: 


ne $ ogV AG 3: PHASE: TO°FIL 
K7 .. —~—-¢ DRIVES AN 


POWER SUPPLIES 





—— te THERMAL SW CLOSED 


ENERGIZE 





Kg 


ALL POWER SUPPLY CP SENSE POINTS 
ARE CLOSED 


ENERGIZE 
K2 







POWER ON HOLD 
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ENERGIZE 
KB Of 


asi senia 


CU: 1S READY 







a 


aes ENERGIZE : | POWER ON Ick TO ALL POWER UP SEQUENCING © og 
‘ REO , . K4 AND KS CKTS, SUPPLY CU CONTROLLED GROUND TO FILE DRIVES 

beaks . | START TO=| TWO SEC TIME DELAY 

ao | PWR ON RST TO CU AND FILE Logic ° - : 
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MODULE POWER ON SEQUENCE 


6020 


SCU 
POWER ON SUPPLY ALL FILE VOLTAGES 


POWER ON RESET AT EACH FILE 


+36V SEQUENCE PICK (INCOMING), 
FCU CONTROLLED GND 


SEND +36V SEQUENCE PICK 
(OUTGOING) TO NEXT FILE 
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ta 
2 
Gg 
La 
~n 
Zz 
Oo 
ac 
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ENERGIZE BRAKE 
SERENE GATE +36V TO FILE 
RELAY 2 (5) DROP POWER ON RESET 
ZU/ZL001 
SEND +36V SEQUENCE PICK 
(OUTGOING) TO NEXT FILE 
ENERGIZE BRAKE 
SEND +36V SEQUENCE PICK 
(OUTGOING) TO NEXT FILE 
OFF 
SEQUENCING STOPS 
PICK MOTOR 
RELAY 
| 8 (7) 
ZU/ZL 001 
PICK BRUSH 
RELAY 12(11) 
(THROUGH 
DIODE) 
SEQUENCING STOPS 
DRIVE AND 
BRUSH MOTORS ; 
AIR FLOW VACUUM 
SWITCH SWITCH 
DISABLE SENSE a SET SELECT LOCK 
SPEED 
SENSE SPEED, HYDRAULIC PRESSURE PULLS 
DETENT DISK AT 70% SPEED 
PICK SPEED ENERGIZE EXTEND SOL., HEAD LATCH MAGNET, 
meceaor SEND +36V SEQUENCE START TO NEXT FILE 
DROP PICK TO BRUSH RELAY AND HOLD SENSE SPEED 
ZU/ZLOO1 
$$] ms IN PACK SW. TRANSFERS TO N.O. 
STOP BRUSH MOTOR 
DROP BRUSH GENERATE SEQUENCE START PULSE 
RELAY 12 (11) RELEASE FWD. SOL, LATCH 
ZU/ZLO01 
SS et TO HEAD LOADING SEQUENCE 
NOTES: 
1. WHEN FILE SEQUENCING HAS REACHED THIS POINT WITH THE AC DISCONNECT SW OFF, +36V SEQUENCE 
PICK WILL NOT BE PROPAGATED TO NEXT FILE. 


2. LOSS OF AIR FLOW WILL DISABLE SENSE SPEED AT ANY TIME. 
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300 MS 
INHIBIT 


RESET DETENT AND FORWARD LATCHES 
SET INITIAL SEEK LATCH 








FU/FL053 


SET FORWARD 


LATCH ENERGIZE FORWARD SOLENOID 

















FU/FLOS3 CARRIAGE MOVES FORWARD FAST 
LOADING HEADS 
$8 LINE FROM HEADS EXTENDED SW 


300 MS 


INHIBIT RESET FORWARD SOLENOID LATCH (DETENT STILL RESET) 


FU/FLO53 
| casein MOVES REVERSE FAST FOR 300 MS 


SET FORWARD 


LATCH ENERGIZE FORWARD SOLENOID 


FU/FLO53 





FIRST SEEK 
(LINE) 


SET INTERMEDIATE AND SLOW SPEEDS 


FU/FLO53 


—{ominct MOVES FORWARD SLOW 


DETECT CYL 
000 PULSE 








SET DETENT LATCH 







FU/FLO56 
DETENT STOPS CARRIAGE 
AT CYLINDER 000 


DETECT 
DETENT 
IN 













SET FIRST SEEK COMPLETED, LATCH, 
DISABLE FIRST SEEK LINE AFTER 4US TD 


FU/FLO53 


2.5 MS DELAY 


GATED ATTN 
& 
GATED ON LINE 


FILE READY AT CYLINDER 000 


FU/FLOS4 
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I HEAD LOADING SEQUENCE | 
SEQ. START Ir 
1 PULSE FROM 
END OF BRUSH 
CYCLE 
1 ZU/ZL001 : 
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‘CONDENSED LOGIC FLOW CHART INSTRUCTIONS 


The 61XX, 62XX, and 63XX diagrams are flow charts of the = . 


v4 


esetarae References:to the ‘CLD-pages-are shawn: by-the page-number ~ 


listed on the lower. left side of each logic flow. block. 


References to the operation diagrams (64XX) pages are shown a 


by the page number listed on the lower right side of each logic ” 


block. 


Connections on a page are shown by a numbered circle with: ; . a” 


an arrow pointing to the same numbered circle. 


Ore 


Connections to. or from another page are shown by a lettered - 


arrowhead with notes giving the page coordinates of where they go. ~ tak a 


tg or come from. "From" Sample . 
"To" Sample 6120 
Sheet 2, E2. 
34 


61 
Sheet |, A7. 


"ES" In the First connector of most charts refers to the 6120 


Initial Selection chart. 


. Notes are contained In flag boxes with dotted connection to | 


the polnt referenced, 
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Machine Reset and System Reset Operation are 
| recognized by the ST7 Bit. ST7=1 means Not: 
| System Reset. ST7 is also turned on to end 

Reset Operation. The SCU will loap from... 
| 8030 to QS 100 until all outstanding attentions 
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Interface 


Q5100 6480-4 


Turn Off 
The Module 


Address In 
The UR Register 





Q$100 6480-4 S 


Q8030 6410-1 








Determine The 
Module 
Address 


Q8030 6410-1 


Raise 

Status In To Enable 
trl 

Unit Busy FL' s 


aaa] 6410-2 


Select The Module 


Ihterface 
Ralse The 
Control Tag 
Q8040 4410-2 





Select The Modyle 
& By-Pass The 
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File Status 
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Post 
Status & 
Sense Info. 


Reset The 
OP-tn FL if 
It Is "On" 
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Reset The 
Control 
Tag 





Walt For 
Select 
Our 
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Reset The 
Flag 
Register 
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File 


Mask 
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Module | 


Reset All 
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Module 


Interface 
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ee RO ee ete i 
Initial Selection 
Loop 
waiting for 
QB005 selection? 6405 
QB010 6410-1 ae jAddress out 
ROT ae, ne ycompare and 
jselect out. > 
Gate address 
byte into ° 
2314, 
7 tindicate any 
QBOI0 $ 6410-1 7 file status by 
Check file r Isetting ST2=1. 


status before — 4 


selecting 
device. 


QB010 » 6410-1 








Check file 
status for pack 


Place control 
unit address 
on bus in. 







change and 
seek incomplete. 


QB010 6410-1 QB050 | 6410-2 
Select 
file. 
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Raise 
operational 
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Present 
device end 
in initial 

status . 
Command \, No QB080 | 6410-2 


9 
outs Seek check 


in sense 
information. 


QB040 
6410-2 















Present device 
end and unit 
check in ini- 
tial status. 
QB080 | 6410-2 





@B050 6410-2 
Yes 













Branch on. 


IsT2=1 : 













Intervention 
status before 


device was 


a) | 
/ | required in 
( | sense 


information .« 


Unselected file | NS Sense ~ 
No status in sense | “ d? 
information. a. 
Device \, Yes @B070 Y6410-3 eee peer 
busy? No Yes | check 
jcheck in sense 
| information. 
2 eo and/or write 
: current 
? 
aN sense 7 
bit on of selected 
device? 
4 
Any | 



















cf 






















Seek check in 
( sense 


information. 














other file 
status ? 
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Turn on bit in 
seek in progress 
register of sel+ 
ected device. 


Gate 
command 


Strip out the bit 
in the seek in 
progress register 
of selected 
device. 


QBO060 | 6410-3 


into 2314. 












Present 
unit check 
in initial 

status. 







Initial QB060 | 6410-3 


selection nN 
complete. | 


6410-3 












Present 
device end in 
initial status. 







Command 
decode. 


Present busy 
in initial 
status. 





QDO10/ 6415 


QB020 | 6410-2 @B020} 6410-2 
End 


procedure. 


Vs) QS010-6480 


End 


procedure, 


To Other 
Routines 


QS010-6480 
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select line. érrorén- date? Yes status. Bus out 

Select module parity in sense. 
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; Set unit ri 
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; check instatus < 
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Bus out parity 














any seek 
occurred since 


in sense. 


ee yea 


Yes 












Decode the Seek BBCC- Was 
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i command. ! HH. Seek last seek a No 
] return to 

a | CCHH. Seek 

| The initial 


QDO040 | 6415~5 seek latch 


is still set. 


FU026 | 4180-1 
Signal SCU that 
module is at cyl- 
inder 000 by block- 
ing CAR readout. 






Set unit check 


Does 
file maskallow 
this seek? 
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Gate CAR to the 
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location , 















Place byte of Initial 
zeros on the i status 
bus in lines. | byte. 
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FU030 
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again 


Compute differ- 
ence between 

old and newcyl- 
inder addresses . 






QG050 | 6430-2 





Send head reset = 
to the module {The reset condition 


lis decoded to select 
head address head 5 







Raise the 
status in 


line. 


register. 


QD010| 6420-1 QG100 |} 6430-2 


Send new 
cylinder address 










Service 
out? 


to the module. 





QE010 6420-1 QG100 | 6430-2 
Yes 


Drop the 
status in 


















line. this seek an 


HH seek? 





QEO10} 6420-1 
Drop read gate, 
head select, head 
advance, andcon 













Generate set 
cylinder tag line 
to the module. 
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QG100 | 6430-2 


from channel. 









QGol0 | 6430-1 Reset the Reset the Set all 

initial seek forward direction difference 

latch. counter 
FF‘s on. 


FU040 


Request 
six bytes 
from channel. 





4180-2 4180-2 


QG020| 6430-1 
Store bytes 
in six 

registers in 












Send the head 
address and 


direction byte 
to the module. 


QG030f 6430-1 







QG100 | 6430-2 


Generate the 
set head tag 
line to 

the module. 


Set unit check in 
status. Seek check 


ond command reject 
in sense, 







Check the 
seek bytes QG100 | 6430-2 
for validity. Gate the address 
bus 16, 8, 4, 2, 
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head select regis 
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Set unit check in 
status. Seek check 


and command reject 
in sense, 
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Difference # 
0. Place 

channel end on 
bus in lines for 
the status byte. 
QG160 | 6430-3 


Difference = 
0. Place chan 
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vice end on bus 
in lines for the 
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Reset the 
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forward 


direction 
latch. 
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jset to the selected de- module. 
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Reset the difference counter 

FF that are not wanted. Leave 
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number of cylinders to move. 

l Address bus contains the com- 
plement of the number of 

| cylinders to move. 


Generate the 
set difference 
tag line to 

the module. 
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Send the end- 
ing status to 
the channel. 


Raise the statu 
in line. 
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Send the end- 
ing status to 
the channel. 


Raise the status 
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Gate the ad- 
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ence counter. 
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Generate the 
control tag 
line to the 
module. 


QG100] 6430-3 















Drop the 
status in line. 
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start tag to 
the module. 
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| See sheet 3 
|for the module 
| flow chart. 
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module. 
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Turn off the 


operational in 
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Set No File 
Mask and No 
Seek indica- 
tors. 
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module. 
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operational in 
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tion loop. 
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command, 
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tion routine 
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Reset the 
detent 
latch. 
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direction 
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latch. 
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latch. 
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counter 
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Move the access 


Move the access 
oe i? Move the access 
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Move the access 
forward at 1.4 
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Wait for the 
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Generate the 
seek ready 
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Generate 
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This is checked for 
by the microprogram. 
See sheet 2, B5, and 
D5. 
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Set unit check in 
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Decode the 
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the status byte. 


Set command reject, 
in the sense byte. 






Seek mask must 
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recalibrate. 
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QEOIO | 6420-1 
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out? 
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in line. 





QEO10 | 6420-1 


First Seek Completed Latch 


Drop the status 
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(Gated) Attention 
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and head advance 
lines to the 
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| line. 
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Drop the 
return to 
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Iflow chart for 
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procedure, 
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address in 
line. 
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Set unit check in the 
status. Set bus out 
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out parity 
error on command 
? 


Yes 
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Decode the 
command 
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set file mask, 
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sense. 
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Yes 
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status in 
line. 
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ej 









Data 
Low Count 
Exhausted 














256 
Bytes 
Transferred 


QLO10 






Length High Yes 


Byte Equals 










Read In Two Code 
Check Bytes And 
Compare With 
Code Check 
Developed 


QRO3 1 






Set Up A Counter 
To Send 256 Bytes 
To Channel Reduce 
Data Length High 

Count By One 










6475-1 






6455-1 


QLO10 Drop Read Gate 


Set Up Counter 


& For Gap Control 


QRO51 6475-2 








Compare 
Good 



















Unit Check, 
Channel End. Channel End 
Device End In Device End In 


Status. Status, Data 
Check On Sense 


6475-1 






QRO3 1 


End 


Procedure 


2314/2844 FEMDM (5/67) 


Sheet 2 
2314/2844 





CONDENSED LOGIC FLOW CHART 


Initial Program Load 


DATE 
ea 


Unit Exception 
In Status. 





QLO10 6455-1 


End Procedure 


(Drop Read Gate) 





6280 - 2 


6120 
Initial Selection 














Device No 


Operable 
6410-1 






Attention 
rom Selected 


Command. 


Sense |/O 
QD030 9 6415-6 






Drop 


Address 









Initial Status 1 
Byte Being | 
Set Up 1 


Place Zeros 





On Bus In 





A QD100 [ 6415-5 


Hil 
Ht 
a 
Ht 
1 
He 
if 
te] 

fl 
Hl 
ik 
pA 


CONDENSED LOGIC FLOW CHART Sense I/O - Test 1/O 





Status In 





QE019 6420-1 


QE010 


SS SRN ETE OTL a ENTS 


6420-] 
Yes 


Drop 
Status 
In 


QE010 @ 6420-1 


él 











A 
Counter For 
Transferring 6 
Bytes To 

Nanos 
QFO10 
Set Up Channel 
Interface SVC 





6425-1 





In/OutControls 
For Read. 


QF040 





6425-2 








6290 = (5/67) 


FS SS ee SS EEE EE PRTC TTS [CMY REN PT CN OW PO EONS SDA OS EE ET EPS RE TTT ee 


eee 








Place Device 


End On 


Sense I/O - Test I/O 

























Place Busy 
Bit On Bus 






Place Device 
End And Busy 
Bits OnBus In 


QB020 } 64/0-2 


Set Unit 
Check in 
Status. 


QB070 | 6410-3 






Place Channel 
And Device 
End On Bus 


In 


QF04l 


Raise 
Status 
In 


eee < 


6480-2 
Yes 


Drop 
Status In 


6480-2 





‘QS050 


Qs050 





QS050 | 6480-2 












A Sense Can Be 
| Chained.In That Case 
| Go To Chained Reselection. 


Return To 
Initial 


Selection 
Loop 








CONDENSED LOGIC FLOW CHART 


Sense {/O- Test 1/0 





2314/2844 
6290 


TYPE 














' 


9eeoeeeoeaeeeede eee eo omeede0omeedeoeeomeeee Oe 


s 


a 


? 








Assume: CC SRCH KEY = 
TIC *-8 
Space Count 
At the end of Srch Key =, 
the key and data length were 
retained for use by subsequent | 
commands 










Chained 


Reselection 





Unit Check In Status Yes 
Bus Out Parity On 
Sense 





QDO010 





Keep Count of Where 
You are In The Gap 
After the Key Area 


Decode 
Command 
Space Count 





QDO040 6415-5 








Unit Check In Statu No 
Command Reject On 
Sense 


Command 
Valid? 











Initial 
Status Byte 
Being Set Up 


Place Zeros 
On Bus In 





QD100 6415-5 





Raise 
Status In 





QE010 6420-1 








Tell SERDES To 
Look For Address 
Mark 


Raise Read Gate 
To Device And 
SERDES 






QCc040 6485-2 


Drop 
Status In 
Ow 
| 
| 


CONDENSED LOGIC FLOW CHART Space Count 





Space Count 











Post Index 
Passed Once 
Indicator 





Unit Check 
In Status 





QE061 6420-3 


No Record 
Found On 





Sense 


Keep Looking 





2314/2844 


6310 


TYPE 


— 
& 
< 
= 
oO 
= 
oO 
J 
ue 
2 
o 
J 
a 
uu 
”) 
= 
WwW 
2 
2 
Q 
oO 


- 
c 
Ss 
° 

oO 
a 
oO 
a1 | 
A 

” 








Count 


Field AM 









Force File Mask 
To Inhibit All 
Writes 


Turn On Write 


Control To 
Channel 





QE061 6420-3 


Read Flag 
Byte from the 
Module. 





QE061 6420-3 


Enter Write Routine 
And Read First 
Cylinder Byte 

From Device, 

Transfer Key And 

Data Length Bytes 
From The Channel. 
Read Second Cylinder, 
Head, And Record 
Bytes From Device 





QP080 6465-4 


Read Key, Data, And 
First Code Check 
Byte From The 


Device 





QP080 6465-4 


Turn Off 
Write Control 
To The Channel 





QP080 6465-4 


Channel End 


Device End 
In Status 





QRO31 6475-1 


Raise Status 
In 


QRO31 6475~1 


End Procedure 


2314/2844 FEMDM (5/67) 6310 











Sheet 1 
2314/2844 


Chained Reselection 
After Search ID 
Equal or WRT CKD 


QC030 | 6485-2 


6320 


TYPE 





















kK 
x 
<x 
= 
oO 
= 
© 
— 
we 
2 
3 
- 
a 
uJ 
7) 
z 
uJ 
a 
2 
O 
Oo 


At The End Of Search ID=, wD 
Loop The Key And Data Length ie ie 
Waiting For Were Retained For Use By S 
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Byte-For-Byte Basis 
File Key Data With 
Channel Data 


QRO31 6475-1 


Sheet 3, C7 





Unit Check In Status 
Data Check On Sense, 







If Overflow Record 
Feature Is Installed, 
Exit to 6340 to 

Check for Overflow 
Record. 
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command with M/T 
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; channel command se 
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OPERATION DIAGRAM INSTRUCTIONS 


The 64XX diagrams are operation diagrams to aid the customer 

engineer in understanding the 2314 micro-program. 

The operation diagrams flow chart the micro-program by routine 

in the micro-program and not by sub-system operation. 

The operation diagrams show the relationship of the micro- 

program and the circuits of the 2314 in three ways: 

1. Control of the channel tags by the micro-program is shown by 
giving the circuits as the FL's and PH's are turned on and 
turned off. Control is shown by an arrow from the logic 
block to circuit block. 

2. Control of the micro-program by the channel attachment 
is shown by circuits controlling branch conditions in the 
logic flow. Control is shown by an arrow from the circuit 
block to the logic flow block. 

3. Timing charts are shown when needed to give the relation= 
ships of the channel operation to the 2314 operation. 

References to the CLD pages are shown by the page number 


listed on the lower left side of each logic flow block. 


(I/O O.D.) 
4130 


QD100 6415-2 
(CLD) (Op. Diag.) 


References to the ALD pages are shown by the page number 


under the circuit block. 


A 


GA043 
(ALD) 


References to the other circuit diagrams in the 2100 and 4100 
series are shown by the number in the logic flow block or in brackets 
on the arrows. 
The objectives of each routine are listed on the first sheet of 
each routine. 
Connections on a page are shown by a numbered circle with an 
arrow pointing to the same numbered circle. 
Oe) 
Connections to or from another page are shown by a lettered arrowhead 


with notes giving the page coordinates of where they go to or come 


from. 


Sheet 2, C7. 
Connections to another routine are shown by a lettered arrowhead with 


the routine and reference in the preceeding block. 






Go to the 
Write routine. 
6465 Sheet 5, 
C5. 


Notes are contained in flag boxes with dotted connections to 


the point referenced. 
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1. Check type of operation and 
up date orientation. Sheet I, 


C7, BS. 


2. Process field length and check 
for key = zero and end-of-file 
conditions. Sheet 1, B5 and 


sheet 2, D5, C4. 


3. Setup the burst check 


registers(BX and CX). Sheet 1, Ke 
Cé, A4. 


4, Set burst check circuit 
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Sheet 1, C6, B4. 
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Objectives 


Check for data 
read from the 
module. Sheet |, 
BS. Sheet 2, B5 
D7, £3. 


Control trans- 
fer of data to 

the channel, 
Sheet 1, Aé, Bé. 
Sheet 2, A4, Cd, 
Dé. 


Store key 

length 

and data length 
bytes in reg- 
ister, Sheet |, C5 
Sheet 2, 83, Dd, 
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Reduce field 
length counter 
and check for 
end of field. 
Sheet 1, C4. 
Sheet 2, B4. 


Check for 
‘command out! 
response to 
‘service In! 
indicating end 
of data trans~ 
fer to the 


channel. Sheet . 


2, 86, BS, D4.. 
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faster than the 
channel can 
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Bé.. Sheet 2, 
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interface. 
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byte processing 
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Sheet 2, 
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off the write 
latch in the chan- 
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Read 
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Sheet 1, C7, A5. Sheet 2, A7, A3, B3, 
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4. Do not compare byte if a mask byte (all ones) is 
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Sheet 1, B6, B4. Sheet 2, E6. 
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Reset the 
status byte in 
the DW reg- 


ister to zero. 





Load the ER 
register con- 
tents in the 


OP reg 
QS070 





Q 9070 


ister. 







Set equipment 
check, byte 0 














Load the ad- 
dress byte into 
the DW regis- 
ter and the bus 
in lines. 4130. 






safe, byte 2, 
bit 0 in the 


sense data. 









Go to the ini- 
tial selection 
routine, 6410 
Sheet 2, C7. 






command and 


status stacked 
9 

















Add unit check 
bit 6, to the 
status byte. 


Add control unit 
end, bit 2, and 
unit check, bit 6 
to the status byte. 





Sheet 3, C7. 
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. 
TIS 
End Procedure g = 
&|R| O 
© 
Sheet 3, E 2. a + 
> Oo 





Turn off the con- 
trol tag line 

(FT 0) to the 
module. 2120. 
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End Procedure 









See sheet 3, 
if 4 for the 


circuit. 


the channel inter- 
face. 4130. 








with device 
end pending 











Turn off the 
orientation 


code in the 
KL register. 


QS090 













es 






Control 
unit busy 





Turn off all 
6405 control lines 
Reset entry Aé. (FC register) to 
h 


No 





Turn on the IG 6 FL in 
the channel interface to 


raise the request in 
line. 


Set up a code to indicate 
no file mask issued and 
no seek in this chain. 


Turn off FT 7 
bit to deselect 
the module inter- 
face. 2120. 
QS100 
Turn off the 
module address 
+ bits in the UR 
register. 
QS100 
System 
reset in 
progress 





(4130) _ 





QSs090 


Go to the initial 
selection routine. 





6410 Sheet 1, C7. 












Select Out 









| 
| 
Request In eeauel In Cable 


















° 


Enabled 















Load the OP regis- 
ter with any atfen- 
tion lines from the 
modules that are 












Turn off all file 
tag lines (FT reg- 
ister) to the mod- 
ule. 2120. 














Go to the initial 


selection routine. 
6410 Sheet 1, A4. 









Status 


stacked 
? 


Yes 








Turn off the 
file mask in the 
FR register. 
QS100 


Store the status byte 
in the BX register to 
clear the DW 

register. 
















Channel 
connection to 








- Turn on the queued FL 












fained? in the channel inter- | __e gy 
face to raise request | (4130) 
Go to the in in to the channel. 7 Request In Request In Cable 






queued FL in the 
channel interface 
if the ER 3 bit 


(control unit busy) 
is on. 0. 


QS100 routine. 6410 
Sheet 1, C7. 








line entry de~ Enabled 





cisions routine. 


6405 C7. 


3 


Go to the ini- GAO11 
tial selection 








a 
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E Chained Reselection Objectives 2 : Ilo 
6480 6415 LN . 
End Procedure Command Decode hes Keep track of time to check oO 


Sheet 2, E2. Sheet 6, E5 for overrun, turn on or off of 
‘read' gate, ‘write’ gate and ‘erase’ 
gate. Sheet 1, A7, Aé, B5, B4, B3. 
Sheet 2, B7, C4, D4, E4. 


TYPE 


re 






rere 


2. Check for the ‘index! signal from 
Yes the module and update the 
orientation. Sheet 1, B85, B4, B2. 
Sheet 2, B6, B5, B4, B3. 









Timer 
overflow 


OPERATION DIAGRAM 
Chained Reselection 


gee aa 


3%. Control the turn on of the 
‘operational in' FL and ‘address 
in' FL in the channel interface. 


Sheet 1, C3. 


eer et ne er PATE RO ees APN Rene an TS amet eee Te ree eee eee AM AOA 
= payee eee qa 2 me patel fi 


PR 


= > 
3 0 
2 oe 
- 3 
® 
| 
= 
BS 
a 
o 


Qc010 
4, Control the turn on of the ‘status 


in' FL in the channel interface. 
Sheet 1, B3. 


Pon TE 













Timer 


overflow 
? 





Sen ee 


No 


1 Increment the 
timer. 


ee 


6480 
End Procedure 
Sheet 2, D2 


QCc010 


, —<—, 
End Procedure c 
Sheet 2, D2 Ti 
Wt 


amen 











Set code in the 
OP register for 
return point from 
timer subroutine. 






Yes 


Delay one 
microsecond. 





Set a code into 
No the OP register 
for the return 


eee 


QCc020 


ae 


point from the 
timer subroutine. 


at 


Sheet 2, D7. 





Set code into the 
OP register for 
the return point 


from the index 
subroutine. 


QC010 


Sheet2, B7 










Qc020 


Suppress 


out up ie 
? Sheet 2, D7 
\ Select 


Load the control 
unit address fro 
the bus in lines 


into the DW 
register. 4130. 


——e 





Sere ctseaaareeaentetet aot Laeageeacapead niente asap eget cae maga fenatatatenamngyegt acces cate isan tae tee laceration eee earn eae 
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> 





N 















Increment 
the timer. 


Timer 


overflow 
? 


1G 7 Latch 
IG 7 Bit Addr. In Latch 


D Bus 7 Bit 
Gate D Bus IG Reg. 






























i | Te 4 Load the control r 

i nitial Selection it and devi ie 
Set code into the Sheet 1, D4 addresses into 

i No the DW register. 


OP register for 
the return point 


from the index 
subroutine. 


QCc020 


Sheet 2, B7. 




























Increment the 
timer 


QC020 


Address in comes} 


up after address | 
out falls. 4130 


FL to bring up 
the operational 


inFL. 4130. 


—t 





—_ 










Can 
command 
decode be com- 
pleted before tim- 
er overflow 


Address In Cable 


Yes 



















Control unit and 
module addresses 
on the bus in lines. 


pe 


Turn on the IG 5 
FL to raise the 
status in line to 
the channel. 
4] 


Load the control 
unit and device 
addresses in the 
BY register. 







Ls) Latch GA011 


ra 





FT 


Go to the end 

procedure rou- 

tine. 6480 overflow 
Sheet 3, D4. 









Timer Operational In Status In Cable 


overflow 









IG 5 Bit Status In 


suunecsliyionsiiany 





renee 


Set e into 
the 0 register 
for the refurn 
point from the 
timer subroutine 


GA011 





pment ert 


— 








Set code into 


the OP register 
for the return 
point from the 
timer subroutine 


QCc020 


Sheet 2, D7. 
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= 
Chained Reselection | & 
o| x 
6420 6420 6420 s| [al8l & 
Initial Status 6480 Initial Status Initial Status < + 
Presentation End Procedure Presentation Presentation re S - Te) 
Sheet 1, D3. Sheet 1, E5. Sheet 1, D4. Sheet 4, A4. Sheet 1, E5. i}+ = 
ey cS 8 
GinG 
z|8 
Ole 
Increment the timer Ce | 
by the amount need 7 @ 
to get through com- ud = a 
mand decode. Sheet 1, A3, AS. S 5|4 
QC030 6480 
End Procedure 
Sheet 1, B2, E5. Sheet 1, D2. 


Yes 








overflow ee Sy 
Decrement the tim 
er by the amount 

added for command 
decode. 





















Set code in the OP 
register for the re- 
turn point from the 
index subroutine. 


Set code in the 
OP register for 
the return point in 


the initial status 
routine. 


Decrement the 
timer by the a- 
mount added for 
command decode. 






















Set code in the 
P register for the 
return point from 
the index sub- 
routine. 









Increment the 
timer. 


Qc030 





Load the three high 
order bits of the 
command byte into 
the BY register. 
QC030 



























Allow Index 





Go to the command Turn off the 






decode routine. PSR sccrh eS nt eS 
6415 Sheet 1, C7. and allow in- 
dex FL's. 







QCc070 
Set orienta- 
tion indica- 
tion to index 


passed. 
Not ST Reg. 1 Bit 







Read gate, 
write gate, or 
erase gate on 


Read gate, write 
gate, or erase 
gate on 


ST 1 is the 
INDEX branch 


in the micro- 












Read Gate Read Gate Erase Gate 














Write] gate 










erase | gate 


Turn on OP reg- 
ister bits 3 an 


4 to indicate 
read address 


mark and index 







None 















Byte 
received 


¥ 


Restart the 
timer at 128. 


QCc040 





















Turn off the 
erase gate line 


(FC 4) to the 
module. 2120 


Set an overrun 
indicator to 

cause error on all 
operations but 
or control. 


QCc070 






rite gate line 
(FC 0) to the 


module and 








to the module 
and SERDES. 
4110, 2120. 






































Set unsafe, 
byte 2, bit 0, 
in the sense 


Set up a timer 
to control the 
turn off of 
erase gate. 


Set up the 
timer for time- 


out for safety 
check. 









to control the 
turnonof the read 
gate before the 

home address field. 








Turn on the 
index passed 
indicator 
(OP 4) in the 
OP regi 


gister. 


Index 

passed 

indicator 
on 














rn to the point 


Set up the timer 
e routines 


to control the 
turn on of read 


gate before the 
omea ress 


Set up the timer 
to control turn 


on of read gate 
after head 










Yes 


















Go to the initial Go to the initial 
status presenta- status presenta- 


tion routine. tion routine. 


6420 Sheet 1, C3 6420 Sheet 1,B6. 


on line 
? 








Set unsafe, 
byte 2, bit 0, 
in the sense 

data. 
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Resident Dlag nostic Introduction. 


The purpoge of the restdent diagnostic tests Is to detect and Identify component 
failures In the 3314/2844 storage control units. The tests may be run from elther 
control unlt. : 


Each test can be run separately, but tests five through seven can be combined to 
run automatically as one test. To run the tests as one test, set the ‘start address 
> switches’ to '601' and de not use the ‘stop address switches’ . 


The tast sequence checks a minimum of circuitry at first and bullds to check the 
complete data flow of the storage control unit, 


The tests should be run In sequence to avoid false Indications as each succeed= 
Ing test assumes that the other tests have ‘un successfully, 


B A falling component Is indicated by the ‘machine stop light! comlng on. 


Check CLD pages QX001, QX003 and QX005 for error stop addresses and card 
substltutlon charts. 


Inct.ded In the resident dlagriastlc TROS module, but not a dlagnostie test Is a 
VFO adjustment program on page QX010. This program is used to adjust the 
‘zerus detector’ , ‘error detector! and the ‘data window’. The program ralies 

> ‘read gate’ for 25 milliseconds, then drops ‘read gate’ for 25 milliseconds, then 
repeats the program, 
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Test One 
CE Panel and 
j Indicators Test 


QX003 








seit Jae 
{ROSAR Test 
QX003 






Jel Tee 
Register Display 


f 
[ ‘est Four 
i Storage Scan Test 
5 
j 







: 
QXx003 - QXx010 







Test Five 


ALU Test 
Qx005 ~ Qx020 






Register Teast 


Qx005 = QX050 . 5 


ma. rete tes 






Tost Sevan 
oes eet 


Branching Test / -- : 
Qx005 ~ GX070 oy 23 


= 
| 


A & 1 # 


ess 2314/2844 FEDM (6/687) 0500 





eS AAD Hd re  iner nascent names 
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ET 
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Form ¥26-4001-2 ; ee A ee sop aan, © “a 
FES Y26-0622 cei Sts “, an ae ae 
: s 
2 2 4 t 
' | 
i 
Test One 4 
CE Panel Indicator Test 
+ 
a 
Purpose: Verify that all Indicator lights and the iy 
‘veset/lamp test switch’ are functioning, a 
ed 
a 
i 
ny 
| 
Switch the ee 
mode switch to : 
Turn on power 
with CE power Ls 
switch, g : a 
Press the reset/ 
lamp test switch . : 
ALD PS031 i 
: ‘ , | 
Yes No | 
Replace the : a 
failing lamps. 
Hold reset/lamp 
test switch on, | 
Press the resat/ ae 
lamp test switch, ; 
stop lamp and : y Beer tet 
*ROSAR P bit on, “, 
ca “all others : eras tage 3 
off? lamps fale * : * 
Check ALD poge Yes , 
KG001 for rolet 
clreult ond Set the register oe Bi 
repair. select switch: Hasopast by 
d to OP, , Check ALO page ‘ 
22031 for Index 1 
to the drivers and 1 
Transfer the ' —— 
display switch ’ | 
to black. 4 
; Press the reset/ - 
lamp test switch, 
Register \, i 
display parity ‘ . ey 
biton : 
? é i ’ : 
Yes ae 
Go to ; 
test two. 7 
: Check calles, : 
connectors, ete, ff 
See 2203). ze ‘, 
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Purpose: To.verify that all positions of the 
TROS addrass register can be set to 
ane and zero, 
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est Two. 


| ROSAR Test 


Set the start 
address — 


switches to 
‘FEF! 









See QX003 for 


address twltch. 


Go to test 


three. 











ay 





at 
i 
y 


chee nthe iy casgts 


ie 





& 
+ 
ea 
t 
x 
; 





Pa ate dere 





a 
wo 
Bo 
ei 


he OE 
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i ‘ 
a 
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Test Three | 


Register Display Test 
Purposp; To verify correct operation of the ragister dis lay ; 


circuit by manually setting bit patterns Into the» é . ‘ 
OP register and displaying the results In the 
register display lights. : ; i 




















Change the 
register select 
switch to the 
BY register 
and try 
again 


Change the 
register select 
switch to the 
BY register 
and try 
again 







Change the 
register select 
switch to the 
BY register 

and try again 





























See QX003 for 






See QX003 
card subst|tu- for card sub- ; See QX003 for 
tlon list list card substitu- 











stitutior tlon list 


* 


- : ~ oo os z 





Set the data 
switches to 
‘gQ' 


Press the 
reset/lam 
test iwitc’ 


| Ser the data 
switches to 


‘FF 


é 7 nomen 

















Transfer the 
enter switch 
to black 


Set the data 
switches to 
‘FRE ‘ 





Set the regis- 
ter select sw 
to OP register 

















Transfer the 
display switch 
to black 


Transfer the 
enter switch 
to black 


Set the regis~ 
ter select §w 
to OP register 





Transfer the 
enter switch 
to black 






Transfer the 
eee switch 
to black 















Yes . ees 

Transfer the : : Be | 

alspley switch ; per cee VOS_ eo 

i to black ! ‘ er ae 

















































Alt > 
display lamps e 
pad Press the 
eset iaee 
tes swite! 
Yes ¢ 
Change the 
register select 
switch to the q 
BY register 
and try | 
again 
Set the data 
switches to @ 
'Q} i 
* See QX003 . 
for card sub~ 
stitution list ¢ 
Transfer the 
enter switch 
to black € 
Transfer the . e 
: aie ey switch = 
to black 
Change the ‘ 
register select 2 ! 
re | switch to the = * oe 
BY register 
and try again 3 | 
See QX003 z, 
for card sub 
stitution list 
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Sy 
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Test Four 
SS eS 


Storage Scan Test 
scotia era onedein ees 


Purpose: To verify the correctness of the SALS outputs, The 

oo output of each word in a module is checked by address- 
Ing the word and checking parity. The test storts with 
the word ‘000' of the module selected and advances 
to word '255'and then repeats starting at '000'. again. 

























>» If there are no | 
errors, transfer the 

check stop switch | 
to stop .Change 
the start address 
switches and | 
begin again. 
To find the page | 
location of a tast | 
word refer to the | 
address IIsts In j 
the CLO's, 

G 

» 
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Set the mode 
select switch to 
scan, 





Set the start 
address switches 
to the address of 
the home word 
for the module to 
be tested as 
shown on QX003. 





Set the check 
stop switch to 
check stop, 






dae Qe wn was 









{ This turns the GP 
register bits off, 


: cy A cn ny nneeenntn 

Press the set | This sets the ad= 
address switch, { dress of the so~ 
: | lected modules 


home word Into 
| TROS address reg. 


Pross the reset 
switch, 









Press the start | This starts the 
switch, | TROS cycling at 
| the home word. 









Place the con- 
tents of the GP 
register In the 
ROSAR to contro! 
the next word to 
bo addressed, 










Add one to the 
contents of the 
GP reglster. 





Read out the test 
word and check 
parlty. Prevent 
normal branch 
and return te 
home word .. 

















ake ep 
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Entry from 
test seven, 








Test the 
O-ST2 


statement, 





Test the i 
ONST2) tate | 
ment with 0 


' 
bus zero, | 









Test the 
00-9579 
statement ‘ 


Test Five 


ALU Test 


Purposes To verlfy the correct operation of the ALU. The 
operation of 512, ST3, D=0, carry FL, true/complement, 
and the sum-not sum clecults Is tested. Pe 


Yos 
No 


— on ew we oy 


Test the 
DNST21 state~t 


4 ment with D 
bus not zero. 





Press tho reset 





statement, D 
bus not zero. 





aid 


Test the 1-»BY! 


Set $T2 to 
zero. 


_.QXx020 










Double the 
contents of the 
BY register. 
Set 5T3 if 
carry out. Set 
ST2 if D bus 

Is not zero. 

























Test DNST2) ! 
statement, D | 
bus not zero | 
until carry out! 






stop switch to 
check stop. 







Press the set 
address switch. 


t 


Test for carry | 
out setting ! 


Sia, 


[Press the start 
switch to start 









Test the no 
carry resel of | 
$T3, 


ab outed nah ain 











Tést the turn 
on of the carry 


FL with o 


carry out, | 








No 






Test the turn j 
on of ST3 on 3 
Qa carry ouf. 


Yes 





Yes — i 


Place zero on 
Ithe D bus. Set 
ST3 to zero. 


QX020 » 





_ 4 
Test the add- | 
Ing In of ST3. | 





No 












bus not zero, 
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Turn ST3 off. 


QX030 





Subtract and 
add into a : 
counter to force 

@ zero result. 







Tost forced .. 


carry In, 





eS 






AND 255 with 
Q. Result 










Test results of 
AND opera-: 

















Place error 
address on 
B bus for 

display lamps. 


QX020 | -QX040 


j Test for carry 
jout setting 
IST3, 
































top TROS 
cycling by. 






STOP state- 
ment, 
QX020 | -QX040 





Use card sub- 
stltutton list on 
QX001 or 

QX005 to repair 
















». |Add @ constant 
to cause the 









Exclusive OR 
255 with 0. 














Test Exclusive |, 
OR operation, | Bt 









Ge to 
test six, 


3 A 



















a 


2 


| , 


3 x 
| ee 


oh 


Vv 


Vv 


Vv 


Vv 


Vv 


Vv 


OPERATION DIAGRAM - Resident Diagnostic Test Six 





Purpose: To verify that all positions of the general purpose and SW 


Entry from 
test five. 


registers operate correctly. 


A value of zero is set in the first register of the chain of 
registers. Each register is incremented plus one from the 
preceding register. Each register is checked against an 
equal value in the BY register, and the TROS cycling is 
stopped If an error is found. This sequence is repeated 
255 times to check all possible values {n each register. 


Note: The multi-tag switch must be in the tagged mode 
position if the two channel switch feature is 


installed. 


Press the reset 
switch. 


Set the mode sel~ 
ect switch to re- 
cycle. 


Set the start 
address switches 
to '602'. 


Set the stop 
address switches 


to ‘OEl’. 


Set the check 
stop switch to 
check stop posi- 
tion. 


Press the set 
address switch. 


Press the start 
switch to start 
the program. 


Set the DR and 
BY registers to 
zero, 


QX050 





Transfer the con- 
tents of DR to 


Add one to the 
contents of DR 
and store the re- 
sults in GL. 


QX050 


Add two to the 
contents of DR 


and store the re- 
sults in FR. 


QxX050 





Add three to the 
contents of DR 
and store the re- 
sults in KL. 


QX050 


Add four to the 


contents of DR 


and store the re- 
sults in DL. 


QxX050 







Add five to the 
contents of DR 
and store the re~ 
sults in DH. 


QX050 


Add six to the 
contents of DR 
and store the re- 
sults in OP. 


QX050 











Add seven to the 
contents of DR 
and store the re- 


sults in GP. 





contents of DR and 
store the results 


in DW and SP. 





QX050 


Add nine to the 
contents of DR 
and store the re- 
sults in CX and 


Compare the con- 
tents of DR and 





Compare the con- 
tents of BX and 
BY. 


QX050 










Increment BY 
plus one. 


QX050 





Compare the con- 
tents of GL and 
BY. 


Increment BY 
plus one. 


QX050 





Compare the con- 
tents of FR and 


Yes 
Increment BY 
plus one. 


Test Six 


Reg ister Test 


Compare the con- 
tents of KL and 


BY. 
QX050 


Cent 













Increment BY 
plus one. 


QX050 





Compare the con- 
tents of DL and 





Compare the con- 
tents of OP and 





Compare the 
contents of 
DW and BY, 





Increment BY 
plus one. 


QX060 


Compare the con 


tents of CX and 
BY. 


QX060 


No 


Yes 


Compare the con- 
tents of UR and 


BY. 







contents 
255? 


Increment DR 
plus one. 


QX060 


Restore BY to 
starting point 


plus one. 


Place error 


address on B bus 
for display lamps. 





QX050 | QX060 


Stop TROS 


cycling by STOP 


statement. 


QX050 





QX060 










Use card substt- 
tution list on 


QX001 to repair. 


Rerun the test. 











Set the OP regis~ 


ter to all ones. 





QX060 










Two 
channel switch 


feature 
? 


Yes 


Set the UR regis- 
ter to zero. Reset 


$T2 and ST3. 





QX061 







Turn on the mod- 


ule select line 
(FT7) to the 
storage modules. 


Set the BY regis- 
ter to all zeros. 












Add one to the 
contents of BY 
and store the re~ 
sults In the SW 

register selected. 





tents of the se- 
lected SW register 
and the BY regis- 


Yes 
BY 
contents 
255 ? 
No 


Turn off the 
module select 


line (FT7) . 


Increment module 
address in the UR 
register. 








No 


Go to test 


seven. 4 





< 
<4 
4 

Turn off the 

module sel- 

ect Ine (FT 7). 

QX061 

< 


Turn off the 
module select 
line (FT). 
QX061 


Go to test 


seven. 
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rt 


bene 


etait some 


Test Seven 


melt tie 


Branching Test 


aman 


Purpose: To verify that TROS branching can be done on all 
positions of the OP register for zero and one. To 
verlfy that TROS branching can be done on all 
positions of the ST register for zero condition, and 
on all positions except ST] and ST4 for the one 
condition. ST] and ST4 cannot be turned on by 
the micro-program. 


> 


eeepc te ti 


peters 


anemone et 


sn 


—eere 






Add forced 
carry to OP 







ao 


Press the reset STO No 


fe 
switch. and A on (255). If D bus 
d not zero set 
$T2 to one. 
| QX080 
a Set the mode. 
> select switch Set ST3 to one. Yes < 


to recycle. 


Qx070 


linterna sieloneltlieihvneidnlieelbnitio papain = ° si és : 
i see : Sree Sarena nccaeenmet caesarean ee eset paetecaaatotrnatae eree pe cteneeemnenee 
at mit te eee eee i ah ieee ri siliiiliniimiiihibiehiinnlieiglabvin Rian 
inept 3 fice mp atria amend dapete nr i i in 


nitinol rete 


Set the start 
address 






























i switches to Set ST6 to 
li '603'. 

; 

i 

i 

i Set the stop 

i address 

i 512 one at this! 

il point indicates 

i > failure of DN q 
ti ST6 S$T21 statement.| 

4 and ST3 on = 

li Set the check 2 

Hy stop switch to 

a the cheek stop 

li position. 


pate 


a 


Set ST5 tozero. 


Press the set 
address switch. 


No 
Go to 
test five. 


6 < 


Set STI to 

zero. 
Press the start 

> switch to start 
the program. 










seatecrinnt tate iee tate ee ealeteeal eat etal dg eeetumens anietaeeonennt esoeeatooemneate mes ineiteamete 













q OPO 
I or OPI on 
' ? 
| Place error 
| address on B 
E Entry from bus for display 
HH test six. Set ST3 to lamps. 
1 zero. QX070 | QX080 
i 
i 
i ane Stop TROS 
tH cycling by 
\ OPO ci OP2 STOP statement. 
iE and OP} on SP Orsee | 
i, > 9 ? QX070 | QX080 
i . 
Use card sub- 
i stitution IIst 
Set ST7 to on QX001 to 
HL repair 
a Set ST6 to one, Zeros 
; QX080 
f 70 
| F Qx0 Rerun the 
i OP4 test. 
OP2 
and OP3 on - oe ar 
- 2 
i > Set STO Set STO to - 
et to one. care 
i Qx070 QxX080 
ig OP4 OPS 
and OP5 on 
; 6 ? 
IF 
Set ST7 to one. 
| 
| ob Qx070 < 
f OP6 


and OP7 on 
? 
Yes (3) 


Set ST5 to one. 





nec aoa et 


rane 
aE 


siete 


QX070 
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Teche em renters ee atone on tense ae 





tiie ieee innit ainda pice ce nntntencemtn 
: ie illite preterm iii icine lee nein neo open teeedeeniataeedeecteaeeces 
a a araaaea : os : be ii a 













































































eo | : 
i 2 ! v 3 Vv 4 v 5 v 6 
8. Resident VFO Adjustment Program 
oes Purpose: Provide data input to the VFO circuits rE 
ee so that the zeros detector, error detec- e 
@ A tor, and dota window dan be adjusted, aa 
‘Read gote! is turned on for 25 milli- t 
seconds then turned off for 25 milllsec~ i 
. 
: 3 e 
@& > Set the start < E 
oie , address switches ; ee 
nae | : to "66", i 
. : 
& oS .| Press the set 
4 address switch. 
8 B 
a Set the check 
‘3 stop switch to 
OR the run position, 
e | ° 
on Press the start 
eo ced switch to start 
: the program. 
© “f ¢ Turn on the con= 
: ‘ trol IIne (FTO) to ‘ 
og as the module. 
Lae STS on Indicates Turn on the read < Rob 
a? read gate.on. gate IIne (FCI). " 
& Set ST5 to one. ih 
y Set low order £ 
‘ 4 counter to zero, i 
od i 
es : Set a constant In e 
> the high order 4 
@ 4 counter for 25 ms. < h 
ee Add one to the e 
ae contents of the 
4 E f h 
ek Nah tow order counter. 
“ Add one to the : 
ee contents of the 
a high order counter 
oe 
: e ta on ote oe 
ie > ga 4 
we ? i | Set up to loop 
: for 26 ms with 
®& 4 Turn off the read | j read gote off. 
: gate lIIne. Set bo 
& STS to one. 
vs To stop the pro~ 
& fe jaram, transfer the 
a G | check stop switch 
“f | tothe stop position 
¢ ni Set up ta loop 
@ “ for 25 ma with — | : 
ea read gate off, ® 
/ 8 > | bs f 
ee H | : 
a a ‘OPERATION DIAGRAM - Resident VFO Adjuatment Program A aA =" A 
a 2914/2844 FEDM (5/67) 6612 
o : 





Form Y26-4001-2 . 
FES ¥26-0622 a ™ : 


! 


Refer to QYOIG ~ QY094 for the Instructions on the 


purpose, set up, and error Itstings of the In-line 
A routines, 
> 
| ‘ 
; L 


“Yes woven) | 





Routing Yes 
code '10 7 
c ae 






6522, D5 
6524, £3, G3, FS 





















& 
ry 
i 
o 
o 
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Stora the 345 code 
In the 1E reglstor. 


> Load the data from 
the data switches 
Into the GP register 
Qy100 
D Store the routine 
code In the BY 
register, 
Load 1E register 
blts 3,4, and 5 
b In the OP register, 
6523,A6 
Yes 
Yes 
E 
6523,A5 
4h Set error 
i tndicalar. Store 
| error code in | 
j the BY register 
, Cee eras 
6524 ,C§ ' 
. Yeu Lesa ecisacel 
6524, D4 @ 
Yos 
F 
Set error indicator. 
6524,A6 Store error code In 
_ Yes the BY register. 
, Qy180 
>» QY102 | 
6525,A3 
Yos 
. 6525, A4 
G Routine Yes’ 
code 'CO' 
6525 ,A5 
Yes” 
> 
$525, Ab 
H Ree 


Error or Result Mode 
































{n-Line Diagnostics 


6405 
In-Line Entry Declelong 
Sheet 1,03 


Load 1€ bits 0 and 
1 In to the OP 
register (Mode 
switch setting) . 


Select the spare 
module. 





2410 


QY100 










Check 
mode switch 
setting.” 


Routine Mode 















Load the routine 
code from the data 
switches Into the 
GP register. 


In 'in Hine’ mode = | 

the data switches | 
| are gated ta the GP} 
| register any time 

the destination ts 
IGP. Any statement | 

other than O-™ GP | 
| results Ina logical | 
| OR of the data | 
| switch data and the 
| ALU output. 


Set IE 4 bit on 
(chalning Indl cator 





Set IE bit 3 on, 
bits 4 and 5 off 


The routine code 
was stored In UR on 
j the load mode 


| Store the routine 
operation, 


code {n the BY © 





1E bits 3,4, and 5 
| contain a cade to 
control the next 
part of the In line 
routines to be 


| executed. 


6521 ,D4,G4 
6522, 04, H5 
6523,C2,C6, £2 
6524, £2 

6525, F6 





Turn off oll FT and 
FC bits to deselect 
the modula, 











2120 
QY190 


"6521, HO “ce 
6523, Bb, 63 








on ? 







QY180 § 
Seat Stora the routine 
ni code fn the displa 
Load the 343 code register, 


inte the FR register 


“@y1e0. 


Store the 345 code 
and chaining bit In 


the JE register. the di 


by set 








Set''no file mask! 
-| and ‘no seek In 

chain! indicator In 
the GP register. 
















Turn off the spare 
module select bit 


ws 2110 





Turn off all bits In 
the IG, DW, and 
FR registers. 


Qy190 


Go to the In line 
entry decisions 
routine, 6405 
Sheet 1, 07. 








Sheet 3, D5 


No mode and Yes 


oe chack sto pany 
Set the 345 code | 944, Cé switch ee 
te 100, 


Stop the FROS 
cycling and store 
the routine code In 
the dispidy reglyter, 









Hold the setting of 


freeze FL, 


CA Statement 
Equals Stop 
























aig ah Sa 





RTA ees y hc 


Start switeh must 
pressed ta restart 


Leesan 









IThe check reset must 
be pressed to release 
|the display register. 
| 


\ 
\ 
\ 
\ 
qin Line 
Freeze Latch In Line 


Freeze 
Latch 





Not In Line 
RDOSI Freeze Latchi 


Display Register 
Set Latch 





iW 


re 





~~ 


{ 
j 


. “hie 


6520, C2 In-Line Diagnostics 


fiadibe '10'. | J a 


Chained mode. I Set IE bit 6 to 


ST Reg 1 Bit Decode Allow Index 












Turn on the bus 
bits to the mod- 
ule to cause a 






























Routine '10' indicate chain- select lock for 
Turn on the ! 
tl : . ‘ this test. 
"20", '30','DO" 1g SRS allow index ST Reg 1 Bit is tes 


and '90' to be | latch . 


executed. 


QY102 


Store routine 
Routine '20'. | code of the first 
> routine ('20') in 
6520,D2! the UR register. 








Wait for the 
fall of index If 
up. ST 1 bit, 


Turn off the ST ] 
and allow index 






Not Allow Index 
















Safety circuits | 


resent 
test. Routine Store prese 


cylinder address 


| 
| 
index, must be | 
turned on and | 

1 





































































B '20' resets se- in the FC off to check _ ——— —— — 
lect lock, forces! healater. fall of index. 
module errors | 
and checks that | QY107 
select lock | 
Tum on the set Not ST Reg 1 Bit 
comes on. { cylinder tinasto Turn on the bus Turn on tag 
eiaoacie te RS001 bits to the mod- lines to the mod 
reset the: initial ule to cause a ule to cause a 
Yes select lock for select lock. 
> pleted? this test. < 
No Yes 
C 
Yes 
Set no Inde ; 
am Set late index Turn off the bus 
error code, bits to the mod- 
ule to cause a 
select lock for 
this test. 
order data No <4 
> bit zero Le) 
Shift low order QY107 6520, £4 Second 
data bits 5,6 timer delay 
and 7 two posi- 
tions left for No evel 
Turn off all the 
D bus bits (FC 
register). 
Turn off all the 
bus bits (FC Module No (Error) 
register). unsafe? 
QY119 
< 






Module 
unsafe? 






Turn on read gate 
and head reset to 
turn off the un- 

safe condition. 


t 



















The DW reglster | 
bits are used as 
two timers. The | 
tImers are on | 
QY110. The four 
low order bits are 
the first timer and 
the four high bits | 
the second timer. a 





Check 345 for 


test to be done. 





Turn off the set 
head tag and 
turn off the 
address mark tag 
If on. 


» QY 108 




















Set up to turn 
on write and 
erase gates and 
turn off erase 































Set the first 
timer for 8 us 
and the second 
timer for 4us. 


Set the first 
timer for 8us 

and the second 
timer for 4us. 







Set the first 
timer for 8us 
and the second 
timer for 4us. 

















Set up to turn 


Set up to turn 
on address mark, 


on write gate. 


Set up to turn 
on the write and 
erase gates. 












gate line to the 
module. 





























Set FC to all 
ones and turn 
on the set dif- 
ference line to 
reset the differ- 
ence counter. 










Set the first 
timer for 8us 
and the second 
timer for 4us. 


Set the first 
timer for 6us 

and the second 
timer for 9us. 





30. Turn on the 
set head line. 







Set error dis- <q 
play code in 

BY. Set error 
indicator. 


PF avis 





Set up to turn 
on head select. 






Set up to turn 
on head select. 









6520, E4 
9 Ye 











pine BX and KL 
registers are 

used to control 
tag and bus lines 
Ito the module. 





head or set dif- 
ference IInes, 
and the FC bits. 


2120 

















Update 345 


code plus one. 


Update the 
routine code to 
‘30°. 







% 


Vv 


module. Set the 
Index timer for 
25 us. 


rT 


Reset the BY 
register to all 









After each test, 










retum to entry zéros. 
H QY 107 decisions for 
ep channel selec- QY 135 
tion. ah nae 
6520, E4 
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ae 

ae 

i 

i 2 Vv 3 v 4 Vv 5 Vv 6 

a 

4 

i 
i In-Line Diagnostics 

a 

i 6465 Write 

i 6520, E2 Sheet 6, D5 

i Nee i we eee en a 

i Routine '30'. Es @ jReturn point from 
A [Checks CAR, module) the main IIne micro 
HL status, and disk jProgram write 
i speed. The 345 | mah routine. 
tH ae eee | Load the OA from 345 code now 000. Increment the 345 

i - the module into code plus one. 

i the GL register. 

i 2110 Qyii 

I Qyiil 

- > Turn off all the < 
Hi its (FC). 

i Turn all bus bits esse Eg) 

i (FC) off. QY111 

I QyY111 
i =< Set the old address 

it Set CAR to all | Turn on the set from GL to the 

il zeros. cylinder tag. bus lines (FC). 

t 6B 4180 2110 

i QyYlil Set up a code for 
i aah the display regls~ 
i, ter. Set an error 
i Turn off the set indicator. 

Hi cylinder tag. 

1 Yi 

aL 

i 

Ue > | 
Lg et Ney 

i Ae code now 101. | Increment the 345 in of een 

i code plus one. ee feo Bs gate line ’ 

il QY111 Restore the cylin- Turn on the set 3 

der address register. cylinder tag. 

i 

i CAR i QyTii 

i C zero? = & 

a 

ih Turn off the set 

i Vou cylinder tag. 
te 

ia 

i Turn all bus bits QY11] Tum off the erase 

I (FC) on. oe 52) gate line (FC 4). 

li 2120 

H YIN 345 code now 001. Increment the 345 

He > Q code plus one. Qy179 . 
it 

ay Set CAR to all Turn on the set av 

il ones. cylinder tag. No ; oo Yes 

tH ndicator 

re ? 
1 Qyii Set 345 code to Y 

| 100. 

li D Turn off the set QY115 6520, C3 6520, £4 
i cylinder tag. 

Qyvin Set up a counter Normal sequence 

| f | 

i Se petted or 27 ms. | ee ole 
i [s4s code now 110. | Increment the 345 | QY115 | 27 delay 

| code plus one. | 256 us delay, 

[ Count time between 
{i > ern iden pulses. < 
i Delay SOY 

i Turn all bus bits over 
it (FC) off. ? 
i 

ih QyYIN Increment the 345 

i See 6521, A5 for code plus one. 
ih Index circuit. 

i E CAR No (2) - QY115 
it all ones? 

A 

i 

Hl Yes 

i oe Yes 

4 Set the bus bits 

i (FC) to 20. ee the 345 No 
i > avin code plus two. Gj 
\) Set 345 code to 

i ——— 100. Turn on OP 7, 

a bs the head address Turn on the set 

( | Set counte Y 

i to head 20. head tag. 4110 for EBL: rer QY115 

Hi QyY1t 

i 

bla 

i F Set up to count 

i: : uU 

i Tum of these time between Index 

| head tag. pulses 

| QY111 QyY115 

i 

i fos code now II]. Increment the 345 

i code plus one. Yes 

| > QY111 4 
[h Turn off all the bus 

if bits (FC). 

| QyYill 

Fd 

i 

i G 

i 

‘l 

Yes Set error display 
code In BY. Set 
ee bus bits oe 
FC) to 16. 
> < 


QY111 












eset the head Turn on the control 
address registerto | tag. 4110 













zero. Qyil Svs 
N 
H Turn off the control = 
fag. 
QY111 Update the routine 
code to 'DO'. 


Praneerennyneeie etcetera 


6520, £4 
A A A 
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mfr 


6522 (8/67) 


















* 


’ 


= . 


, 


Vv 


Vv 


Vv 


Increment the 345 
D code plus one. 





QY125 


Turn on IE bit 6 as 
a chaining indica~ 
tor. 














calibrate indicator | 





v 3 v 4 


In-Line Diagnostics 


6520, D2 


| Routine '40'. ! ed 
Set an indicator for 
routine '40'. 


QYI16 
No 345 
code bit 
5 on? 
No 345 Yes 


code bit 




























address to move 
the access forward. 





C5 


Set up the DR regis- 

ter for a seek to 000 
Check module QY125 
status and set up 


error code for the 
display register. 


Turn off the control 


tag. (FTO) Turn off 


FT4 to disable the 
burst check circuit. 


4170 


QY130 

















































QY125 
No “Module Yes QY125 
> Store the 345 code busy? 
in the IE register. Set a not recalibrate’ 
Qy125 ay Ls indicator. 
6520,C3 6520, D4 Gres 
Go to the seek 
routine. 6430 Set the BY register 
Sheet 3, E5. to all zeros. 
E QY125 
> 
F 
Set up for a 7000 Set up a counter 
byte field length. for turn on of read | 
gate. 
QY136 
Turn on the control 
Yes Write tag and head select 
> operation to the module. 
? 2120 
Set ‘in line write’ 
indicator for use in Set up the burst 
main line write check circuit for 
routine. checking an odd 
QY136 field. 4170 
G 
Set up the burst Set up a counter 
check circuit for for clocking home | 6524, A3 
checking an even address field (5 
field. 4170 bytes) . 
> No Read Yes 
operation 
? 
Turn on the write 
and erase gates. 
Set up to write Turn on read gate. 
f / 
seven bytes of, ones 2120 
H = QY137 QY137 
Go to the write 
routine. 6465 (4) 
Sheet 1, C4. 
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6520, E2 


Routine '60'. ' uu) 


Set an indicator for 
routine '60'. 


QY116 


Add bit zero to the 


contents of the GP 
register. 











Set head address 
from the data 

switches into the 
GP register. 


QY125 







6525,C2,Cé 


Turn on IE bit 6 as 
a chaining indica- 
tor. 


QY136 


Update the 345 
code and store it in 
the IE and FR 


registers. 





operable 
? 





| Routine '50'. | 


6524,D6,E6 
6525,B3 





6524 , £6 
6525 ,C5 






Set up a counter 
to set limit of 
27 ms. 


QY136 


Turn off the random 
seek generator indi 
cator. 
QY136 


QY118 


Forward seek, add 
generated address 
to old cylinder 
adaress . 

QY118 










Limit seek to 127 
cylinders. 


6520, E2 





Load data switch 
| data (cylinder 
address) in the GL 


register. 










Store contents of rig 
No data switches in BY 
“Module Yes 
busy 
? 
No 
ial ner? D4 
Subtract data switch Store the cylinder attention ann 
6520,C4 contents from old address in GL “on? 
. address to move register. ; 
access backwards Yes 
Turn on the read Set up error code 
gate line to the for the display 
« module to reset register. 
° attention. _ 4180 yl 35 
('40') QY135 
Turn off the read. is 
Turn on the control Add data switch , 
tag and set a re- contents to the old 6524, F5, B6 6525 ,£4,H2 — — 6520,C3 





or as a random 
number generator. 













der address. 
QY118 
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This loop is used to 
Mocate home address 





Backward seek, limit 
seek to 63 and sub- 
tract from old cylin 





@ < 


6523 


diced toate aula ca ea 
Penis rarkaraae ere | 


maine 















2 v 3 v 4 Vv 5 v 6 

' In-Line Diagnostics 

6523, G4 

iE 6520, F2 

Clocking i. oe i) po Routine '90'. 
F routine. Home | | Semi-random 


address or | 


| seek. 
data field. 





Set the BY 
register to all 


tesoronasete reper 


oe 


code, bits 4 
and 5. : 


. 


eee ghee yuan cage seetnate eos aan anasty cadet alse inane euelatasierrtoutserna eae eka 
= ‘a ver 7 state 





apace eign cease 


E Decrement 
Te the field 
i length 
i counter. 345 Yes 
Ey code X00 
| 
i B Vix Set seek 


address to 


cylinder 064. 














siete “ 





Store byte in 


HI the BY reglster rus 
i: for address 
i. compare 
check. 
> 6523, C4 4 
i, 345 Yes 


code X10 


iescaea at 


~~ 
o Zz 
° 


eet 


Increment the 


No 345 code plus 





fra sae caaieadaneunge ta ateamesdapaest cane mealies sec 
Sheet oan 












Routine '70' ay 


F one. 
Store byte in 
3 the DW regis- QY118 
ter for address 6520, 2 
compare pA eels " 
eek 6520, E4 


345 Yes 


eee eae mt eons 
















code X01 
? 
» Set a no home No x) < 
; address com= 6523, BS 
re Indica= ‘ 
ir Routine '80'. ay for. ae 
i Sequential QYTi7 
t seek with 
[ address com- QY 118 
i D 345 Yes 






code bit 
3 on? 


Sareea 












mt 


random seek 


generator indi- 
cator. 



















iP oe 345 
code bit 
3 on? 


Set seek 
Yes address limits 
in the BY and 
DR registers. 








Bit 3 is on for 
forward seeks, 
off for reverse 
seeks. 


Li > = 


Set up an 


QY139 






Burst 


check error 6523, DS 












Decrement the 
cylinder 


Increment the 










| E error code for ne address by one. 
the display 
rE ister. 
; Yes 
1 QY 139 Data field Increment the 
? No Access Access No the 345 code 
is ed at 000? at 199? x] plus one. \ 
: ee 6523, BS 
[> Ww) : P 
i lever 04s Store the 345 
rE nve 
6520, C3 code bit 3 to oe ne 


IE register. 


change direc- 
tion. 


pe 











Data switch 
| setting OR's 

with DW reg- 
ister to set GP, 





Load head 
byte into the 
GP register. 


io 


6520, C3 


midseason la el ena ae ena ea aca ean eee a cee ue aed eaa ean cena adie saad foe emieae ene ual eae ete eee eed baa eae ere ane een pease ae ee ae 
roth reesatiaets pane Sra are aor Seam ae fs a put ao actin ered penern ate 


aaa ne een 


Vv 


ao 4 


6523, C4 


Turn off the 
burst check 


circuit. 4170 
QY 140 





Sea tae aoe 


@ 


6520, C3 


tee EMT NTA PP TTP TT POET TE PT 
" a a 


ieeoaeleipeaht pa 


ee 


icagangienenci 
tetas 


i 


ties ea ae ta 


ra 


‘ 


ai ani ot 


er 


aa 


peste 


Het fem en ape 
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he 
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pent 


: 
| 
| 
i 
i 
a 
| 
i 


i 

i 
Es 
FE 


A 





In-Line Diagnostics 


6520, F2 6520, G2 6520,G2 6520, H2 


Routine 'BO'. wy Routine 'CO'. Routine 'DO' write , RS 
Read RO, cylin- Read test record test record, cylin- | 
der 199. on cylinders 005 der 005 and 195. 


and 195... 
Set a seek to 00] 
indicator. Set a seek to 199 
indicator. 345 Yes 


code bit 4 


QY119 
QY199 (2) ore 
















Routine 'AOQ'. 












Read RO, cylin- 
der 001. 













Turn on 345 code 





















> 








































































































































































































> bit 5+ t 
- 345 Yes Stine pits $ 
code X01? 
—" Go clock home 
1 
Ne laddress field. | 
¥ 6523, BS Yes 345 
B = code X01 
? 
At end of home No 
address field . Set 
counter to turn on 
read gate. 345 Yes 
345 code X10 
QYI19 code X11? ? 
: Set up a counter 
Set clock data fleld Set 345 code to code X11 for the turn on of <4 
indication 100 to restart > write gate. 
345 
Yes Y120 
QyY119 code bit 3 Yes S 
on? 
S ee ‘ ; Set up a counter Set a write data 
345 code X00. Store the cylinder Store the cylinder for the turn on of field indicator. 
C 6523, E5 SF of 195 in ie of 005 in read gate. 
the register. t ister. 
@ g e register OY120 ay 
Set a clock data LZ) 
Load 199 seek Load 001 seek indicator. 
address in the GL address in the GL QY120 6523, E5 
> register. register. Single 
QY119 head mode ey < 
6520, H2 6520, H2 
Routine 'E0'. Head | eo Routine 'FO'. Head | a) 
alignment write 1 alignment write 
D test, cylinder 005. ; test, cylinder 195. 
Transfer the present Transfer the 
Set an indicat Set an indicat : present 
e ao oe Eee | eee 
the DR register. the DR register. 
QY121 QY121 
®@ . 4 
we End of 
li 
: spe XIV Se ies oo 
Read data. Set up 
No to wait for index 
and read 7000 byte Increment the head Set the head 
E ae es record: address plus one. nddvecs#e00, 
@ code X01? 2) QYI2] 
e ; 2 
mode? 
Yes 345 No & 
code X00? 
> (X10) < 
@ ees 6523, C5 Update the routine 
data switches into code to '90'. 
the DR register . 
@ QY121 Turn off read gate QY120 
and head select 
me w 
: 2120 
& No eae Yes 6520, E4 
? 
Load 195 into Load 005 into Head 
cylinder address cylinder address fp ee 00 set fn meee = 
& register. register . ae a one the oo 1 Seek was to head 
ess than data sw ! 
> QY121 switch setting . re ne ace Turn on the head 1b Sperone < 
foo line reset line (FC 3) yee’ 
(FC 7) to the to the module. 
module. 4110 
Turn off the head 
e@ advance line. 
G 
Decrement the Set head address 
head address by to head 19. 
one. 
QY121 
@ > , 2et up to read 4 
= {record with next 
! lower numbered head. 
6523, C5 
H 
@ Set up a counter 
for the turn on of 
write gate. 
@ OPERATION DIAGRAM - In-Line Diagnostics - Routines 'A0', 'BO', 'C0', 'DO'," 'EO', and 'FO! A A 
& 2314/2844 FEMDM (5/67) 6525 
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0108 


gouenbeg uo JeMod NOS - LUYVHO ONIWIL 


e 


Ek em 








an 
wd 


CPU PWR ON PICK OR 
PWR ON SW PICK 





CONTROLLED GND 
TO FILE DRIVES 
FILE DRIVE PWR 


HEADS EXT’D GND 
FROM ANY FILE 





NORMAL POWER ON SEQUENCE 





| DELAY UNTIL DC PWR IS UP | 


* 1 MINUTE FILE 
| | | BRUSH CYCLE 
és - DELAY: 


Mee ae 


xt te Gop ee Mek age ts Cte” lteter tet Zs eta Bo cee, ee ba ate ate 


Pe) ile A teh ee Wl Neds ag = ce ae Tae Sees eh, Se 


REMAINS UP WITH MACHINE PWR OFF 
TERMINAL BLOCK 1S IN UPPER FRONT CORNER 










oe Moab dyn ooo, Be ag lb NE as ' 
iy Ge, AAAS care + Boe Ta ta ge OE mise SOE RUE Case ol eS a re ots 
5 eS, t+ GT ge: BY geet Mhay 2 6p ein oe oe th Mise ye. San em we: (So ad da ey 
4593, Pa he; Gan aoa as 4 Pe oes omar: Ah “ah 22 OOS SR a ay tah Bee el 
‘ Bey OR Te Soe, GS Oe SN ga ee eid Aes ta: iP ce f fee Se See, ee 
$0 SY -atwind t: ere Boece. bee ee 
+ ‘ ve ae Sy.Bt ly, the ghee ao Beet Sra So ae es OR a, Sebi ar dads ts od 
Bia ca glee, wae i BLS) Brae eS. ois ay Yor TA 
Syste es add aed, ok Me Syste gga ROE ee ots Plcen Ber Ot ae Media ne, PO peo 
te ny Ban, Bias Le ie bse ow Dee ae Ete Oe Sects! Bgl oh Pe i 
$e eed, ee RAC fea, Pe Setar are rea ae Netley e Bate Po MeN ee be eye a 
1 1 
oboe oP cal ie td be 4 Tide ax oe pes ay ite we SEM Bie By Saree et Epa ait aay oe ge Rae 
wP yg eke Peden oe atte Menk peeeta te GS te Be oe ee 


FAULT CONDITION PWR, OFF SEQ. NORMAL POWER OFF SEQUENCE A 


| 
: 
fi 
i 











PWR HAS DECAYED 





cee eb Ee HAS - DECAY ED — . ' jg—— DELAY UNTIL DC 











FAULT. CONDITION. OCCURS 


te accel jg—— MECHANICAL DELAY ) 
IN FILE DRIVES 





See 


wa ae Og ME RY Gael a SS teh gli om eal ge le a SS Be Re Wa BD eh fe ae Se ee Sh ae 


ee ee 





SCU POWER ON SEQUENCE 





OF POWER SUPPLY TUB ABOVE POWER SEQUENCE RELAYS 


= |i 
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TE 
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MODULE POWER ON SEQUENCE 


= 2rd aid, 
-—/ Ze 
poet. se 











S!GNAL NAME LOGIC PAGE | TEST POINT 
FCU POWER ON 


i 

a D 
Cpcmee Poe 
ace 

i 
7 
7 
7 
we 


eouenbeg uo JemModg sTNpo| - LHUVHO ONIWIL 


K3g 
Ch-1 


Treo wn | wae | 
x 








EXTEND SOLENOID & 
HEAD LATCH MAGNET ZU/ZL003 ee - 
DETENT IN (LINE) FU/ELOS6 | A2/6G02 


4 CARRIAGE MOTION( EXTEND) - - 
i SEQUENCE START PULSE ZU/ZLO01 F2/6G09 











HYDRAULIC HOME 














Giseauenen age cteeagieseuaes ee sana een ete eae te ce cetera mee ne eee eee ech eee eee Resets pel garter ee a eee ue eee aera eee cee ae eee Ue 
PA ates saan angen ete teeta patio Hapatelf a ecetan pond eden sap net ane teen bgp Teese 








MODULE POWER ON SEQUENCE 
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| no SIGNAL NAME LOGIC PAGE | TEST POINT 
| SEQUENCE START PULSE ZU/ZL001 F2/6G609 


300 MS INHIBIT FU/FL053 F2/6B09 





FORWARD SOL LATCH FU/FLO50 E4/H4 JO6 
ON LINE FU/FLOSO G2/6B12 
FIRST SEEK (LINE) FU/FLOS3 F2/6B08 


INTER 27 SOL FU/FLO53 D4/J4D12 






SLOW 3 SOL FU/FLO53 E4/K4D 12 


CYLINDER PULSE FU/FLO50 
DETENT LATCH FU/FLO50 F4/L4B10 


CARRIAGE MOTION 


INITIAL SEEK LATCH FU/FL026 
DETENT IN (LINE) FU/FL053 


FIRST SEEK COMPLETED FU/FLO53 


F4/L4G07 





E4/K4 STI 


A2/6G02 


F2/6G02 


GATED ATTENTION FU/FLO54 C4/H4B08 


FU/FLO54 E4/K4D11 


GATED ON LINE 

















+ 


+ 


+ 


+ 





HEAD LOADING SEQUENCE 


Ceileic cae en ain cimteeeiate 


UNDEF INED 


LEH " 
204 PULSES 204 PULSES | 
SPEED SCALE ; 
FAST 
INT 
SLOW 
SLOW 
INT HYDRAULIC HOME 


i 
t 
1 
I 
FAST ; 
! 
I 
| 



















! 
i 
I 
POSITIVE STOP 


HEADS LOAD 













HYDRAULIC HOME CYL O00 


i NOTE 1 5 
ar ee eee (RE 
! 


NOTES: 


1]. INITIAL SEEK LATCH IS RESET BY SEL SET CYLINDER ON THE FIRST SEEK OP FROM FCU. 


HEAD LOADING SEQUENCE 
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Sica eae me ees esa 
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oe 
Q 
= 
S 
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NO SIGNAL NAME LOGIC PAGE | TEST POINT 
FILE BUSS O (A128) FU/FLO20 K2/6D04 + 
FILE BUSS 1 (A64) FU/FLO26 K2/6D07 + 
FILE BUSS 2 (A32) FU/FLO20 K2/6D02 + 
FILE BUSS 3 (Al16) FU/FLO20 K2/6B04 + 
FILE BUSS 4 (A8) FU/FLO020 K2/6B12 + 
FILE BUSS 5 (A4) FU/FLO2 1 12/6004 + 
FILE BUSS 6 (A2) FU/FLO21 L2/6D07 
| 
FILE BUSS 7 (Al) FU/FLO21 L2/6002 
i 
SET CYLINDER (TAG) FU/FLO21 L2/6B12 
fe 
SET HEAD (TAG) FU/FLO21] L2/6B05 
| | | | aaa 
SET DIFFERENCE (TAG) FU/FLO21 L2/6B02 + 
| | 
CONTROL (TAG) FU/FLO2 1 L2/6B04 + 
| CYLINDER ADDR REG, tT eageweso i 
t + i — 
HEAD ADDR REG. ree 
ae 
DIFF. CNTR. FU/FLOLO | 
fa : = 
FWD, DIR. LATCH FU/FLOSO D4/J4G608 - 
ee = 
SEEK START FU/FLO20 G2/6J13 - 
t 4 1 — 
oe = =a 
= 























| 
| 
| 
| 
| 
| 
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re 


SEEK FROM CYL 27, TRK 5 TO CYL 56, TRK 2 (DIFF OF 29 CYLS) 
FCU CYCLES MECHANICAL MOTION 


pO FOO 


i ee 


pL === - = 


efi 4 ns 
pitt _4-—------------------4 


Or ; 
pe eae ee 
| : RESET 


28 2 20 15 10 5321 000 


mame Wvitnirivice vere ess ns Se Oo 


wee ee eee ee ee 


ESET 
ted Le aceeeceeaeeseeteueas 


NOTES: 
1. SEE NEXT PAGE. 


ee eS 
STE eT te ee Ee Pee pean he! Seen Imeenme nitrate ager ener i - Sethe iteenatndt a 


, ! 


Ss as Ae Se eee ae 


| 
| 
} SEEK FROM CYL 56, TRK 2 TO CYL 52, TRK 3 (DIFF OF 4 CYLS) 
I 
t 


| 
| 
| 
FCU CYCLES MECHANICAL MOTION 
| 


tes atce ce ae ? 
t ( 
V. GATED ATTN 

My [7 AQ COMES UP 

I | aqanemep ewe. am a = = « 

{ | 


. --4 
pit Ii _4_-.------+--4 


~---------+--4 


Ga 


3,2,1, 000 


Dette ee ae 


RESET 4 
SET REVERSE 


wwe ee ee ee ee 


eet a dk la et i et 3 lee an miniseirse gina Tiatameanl 
ee 





ee 


meen 











SEEK CYLINDER - PART 1 


five] 


804 


i & = > 


' $ 


SEEK FROM CYL 27, TRACK TO CYL 56, TRACK 2 (DIFF OF 29 CYLS) SEEK FROM CYL 56, TRACK 2 TO CYL 52, TRACK 3 (DIFF OF 4 CYLS) 





~ dapulyAD yes - J YVHO ONIWIL 


























I 
FCU CYCLES MECHANICAL MOTION | FCU CYCLES MECHANICAL MOTION 
] 
NO SIGNAL NAME LOGIC PAGE | TEST POINT — IY pan 2 ee 
! 
28 25 20 15 10 2 1 000 1 000 255 4 2 1 000 
DIFF. CNTR. FU/FLO4O 000 255 29 5 FO aie \ 59 4 3 | 
FWD. DIR, LATCH FU/FLOSO | D4/J4G08 SS 
y RESET 
2 SEEK START FU/FLO20 | G2/6J13 | SET REVERSE n 
{ | 
FILE SEEK GATE FU/FLOSO | F4/L4G08 ! 
| _ 
t { 
FWD. SOL. LATCH FU/FLOSO | Cl/H4J06 =F 5 | | 
I 
t { 
i t 
INTER, 27 SOL, FU/FLOSO | D&/J4DI2 FT CT ———q 
! j 
I 1 
| 
{ 
| ; t ! 











{ | i ! 
STOP FU/FLO5O F4/LEGOS [ [ 
| I 


I 
GATED CYL, PULSE FU/FLOLO H2/6512 - { 


I I I 
DETENT LATCH FU/FLOSO | F4/LHBIO | - <= “| \we——— APPROX 75 Ms ——] > | 
t t 
: MECH DELAY ——te¢—om . 
ae MECH wl 


t 1 
DELAY el? be lg — MECH__J 
t 
SEEK READY FU/FLO53 F2/6B04 x — Sao ! wl DELAY a 
t 1 
Ct gon NOTE 2 APPROX 50 MS! a NOTE 2 
GATED ATTENTION FU/FLOS4 ch/Hupos | - Py p 


FILE BUSY FU/FLO53 E4/K4B10 











CI 





DETENT IN (LINE} FU/FLOS3 F2/6B10 + 











cl! 














NOTES: 





1. ALSO SEE PREVIOUS PAGE 


2. FCU USES “READ GATE” (FILE BUSS | & CONTROL) TO RESET GATED ATTENTION, SEEK CYLINDER = PART 2 
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ot tn Se 
a ae a a 


mesencephalic aetna ete sea nates ante i gant ene ee een epeegee aa eee ae 
aes See ES a ee Ee SST ES eR ee ee nee Se ae 



















et oO 
5 
SEEK TRACK & RETURN TO 000 

o | 

~ ; SEEK FROM CYL 56, TRK 2 TO CYL. 56, TRK 6 | SEEK FROM TRK 6 TO TRK 7 NOTE 1 RETURN TO 000 

+ | FCU CYCLES (DIFF OF G5 | FCU CYCLES FCU CYCLES 

| 
| | ' 
| | 


pT ee PR —*FH ox 
tated ey a ae {$$ 


NO SIGNAL NAME LOGIC PAGE | TEST POINT 





FILE BUSS O (A128) FU/FLO20 K2/6D04 





FILE BUSS 1 (A64) FU/FLOZ0 K2/6D07 








FILE BUSS 2 (A32) FU/FLO20 K2/6D02 





FILE BUSS 3 (AI6) FU/FLO20 K2/6B04 





FILE BUSS 4 (A8) FU/FLO20 K2/6Bi2 


T 448d — 000 0} UINIZY p'e yOVLL YeeSg - LUVHO ONIWIL 





FILE BUSS 5 (A4) FU/FLO2 1 12/6004 





FILE BUSS 6 (A2) FU/FLO21 L2/6D07 


! 

' 
: i 
t I ' 
t 1 ! ! t 
j | { | | 1 
FILE BUSS 7 (Al) FUu/FLO2 1 L2/6D02 + bis ae | | rl | 
' | ! 

Be | ) ! 

! | | ' 

! 1 

| 

| ! 

| 








| ( 
! | 
SET CYLINDER (TAG) FU/FLO21 L2/6B12_ | + ! | 
1 f j ! 5 | j 


| 

I I 

SET HEAD (TAG) FU/FLO21 L2/6B05 ae 
rt 

! 

| 

{ 


L2/6B02 












SET DIFFERENCE (TAG) FU/FLO21 





CONTROL (TAG) FU/FLO21 


RESET GATED ATTN. | 
FU/FLO30 





CYLINDER ADDR REG 





FU/FLO60 





HEAD ADDR REG 
I 
RESET _& ! 

j , 


ee 3 ! 


{ 
RETURN TO 000 FU/FLOSO - ' 1 


DIFF. CNTR, FU/FLO40 


SEEK START FU/FLO20 

























NOTES: 
1. SEEK FROM TRK 6 TO TRK 7 MAY ALSO BE ACCOMPLISHED BY 
INCREMENTING THE HEAD ADDR, REG. WITH BUSS 7 AND CONTROL SEEK TRACK & RETURN TO 000 
TAG (HEAD ADVANCE). Part 1 


fag 


8042 


‘ ‘ i - 





t ¢ . * - 





SEEK TRACK & RETURN TO 000 ~ CONTINUED 


[RETURN TO 000 MECHANICAL MOTION 















| | 
; SEEK FROM CYL 56, TRK 2 TO CYL 56, TRK 6 SEEK FROM TRK 6 TO TRK 7 | 
| | 


No SIGNAL NAME 7 
(DIFF OF 0) | 
DIFF. CNTR, FU/ELOKO | O08 72m, eee 











6 WRI — 000 7 UANJOY puw YORBAL YOrS - LUVHO ONIWIL 


{ { 
| 1 i 
SEEK START | Fu/Fiozo | 62/6s13 | - 4 [ i ) 
\ ere | 
RETURN TO 000 FU/FLO2! | 62/6809 | ! aka 
; f t t , ; , 
{ ! ' 
INITIAL SEEK LATCH FU/FLO26 | ER/KEST} (OFF) | ose (OFF) 
£ | | { [ 
FWD, SOL. LATCH FU/FLOSO ae } (ON) 8B 
14 | 
t 


C4 /H4 506 | - (ON) 





| 
| j 
| pa/vapi2 | - i a oe 
| i ; 
SLOW 3 SOL, Fu/Ftoso | €4/K4DI2 = ea ea a te 
t 4 
STOP FU/FLO5O |; Fu/LuGOQ | - | | , (ON) ———— 
| 


INTER, 27 SOL, FU/FL950 














\ 
CYLINDER PULSE FU/FLOSO | F4/L4co7 | + |, | 
$14 pt 
DETENT LATCH FU/FLO5O | FL/LuBIO | - (ON) | (ON) 
Ty ; ! 
DETENT IN (LINE) FU/FLO53 F2/6B10 < (ON) a (ON) 
| 








vn - ' f f 
SEEK READY FU/FLO53 F2/6B04 = (ON) 
GATED ATTENTION FU/FLO54 C4/H4B08 7 ; 

NOTE | 





























ON LINE FU/FLGSO G2/6B12 + (ON) (ON) 
300 MS INHIBIT FU/FLO53 F2/6B09 alg (OFF) (OFF) 
FIRST SEEK (LINE) FU/FLO53 F2/6B08 - (OFF) ,_ (OFF) 
re emer, 
FIRST SEEK COMPLETED FU/FLOS3 F2/6G602 + (ON) (ON) | 
GATED ON LINE FU/FLO54 E4/KEDT + (ON) (ON) 
{ 
4 1 
NOTES: 






1. FCU USES READ GATE” (FILE BUSS 1 & CONTROL) TO RESET GATED ATTENTION. see ae Rerun To eee 
Part 2 
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s WRITE OPERATION 


no | SIGNAL NAME LOGIC PAGE | TEST POINT | LVL 
to j = ——, 
| 










MOD, SELECT FU/FLO21 





uoljeredg a114M - LUVHO ONIWIL 


EL/6J11 


FU/FLO60 NOTE 5 


HEAD ADVANCE 


1 
‘i : | re 
a 
HEAD SELECT FU/FLO21 L2/6D05 - _{ ® 


za 
oS 
a 
ww 


—m m@- 10 US MIN. 
| prom em rn werner - - - 
HA CNT ae ee tint : 


READ GATE FU/FLO66 | A2B1D05 ‘ 
REC, O RECORD } RECORD 2 : REC. 0 REC, 1 
JN. A NN { 
KEY DATA : f : : 
HA socnt. PATA am cnt KEY DAU AM CNT HA CNT. .DATA AM CNT 


TRACK FORMAT 


HOME ADDR. READ 


COUNT READ & COMPARED 
DATA READ 


on. 


La re 





READ DATA FU/FLO81 A2B1B02 


LOGICAL DECISIONS 
IN FCU 




















ERASE GATE FU/FLO66 M2 /6B13 


; ! 


ran 


—+— 


WRITE GATE FU/FLO66 



















FU/FLO81 A2B1B02 


+ 


WRITE DATA 










GAP WRITTEN (1°S & 0’S) er. conee 3 = 
ADDR, MRK, WRITTEN DATAWRITTEN pata WRITTEN 


GAP WRITTEN - 
LOGICAL DECISIONS COUNT WRITTEN ALLS we TEN 
WEES GAP WRITTEN 


KEY WRITTEN 


. GAP WRITTEN 


NOTES: 
}. HEAD SELECT MAY COME UP ANY TIME AFTER FILE READY, 


2. ABOVE OPERATION IS SEARCH ID RECORD 0, TRACK 0; WRITE RECORDS 
1 & 2, TRACK O, 


3. KEY tS OPTIONAL & VARIABLE. 
4. ALL TIMING DELAYS AND GATES ARE CONTROLLED BY FCU, 
THIS TEST POINT NOT SHOWN ON LOGIC PAGE, 





. I 

t 

| : ! 

SELECT RD OR WR XO AND YO ; | (SELECT Yo IF HEAD SELECT 1S uf 

it t 

| 

t 

t 

t 




















WRITE OPERATION 


/ : : Ee 7 
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READ OPERATION (MULTI-TRACK) 








NO SIGNAL NAME LOGIC PAGE | TEST POINT en] 


an ~A 


half 






ee 3 ce ! 
| 
I tool 
st le—- NOTE 2 | Vos) 
ee 














SELECT) — st 
HEAD SELECT FU/FLO21 L2/6D05 e NOTE | : _e " —_—_—_—_— 
a 
Pte 
| . a 4 | i 
! (HEAD ADV) Ne LS - - ee Pee ! 1 
HEAD ADVANCE FU/FLO60 ie eo SELECT RD XO Y3 SELECT RD X1 Y3 
ae el fa Gen ——i - 
{anne i 
READ GATE FU/FLO8I 7 | m7 p74 Se 








+ 


REC, an RECORD 1 RECORD 2 oan 0 RECORD 1 





TRACK FORMAT 


ae Par Si... 


Te 
SEARCH FOR 4 : 
ADDR. MRK. (COUNT FIELD) 

ADDR. MRK DETECTED 
COUNT READ - NOT COMPARED 


SEARCH FOR ADDR MRK 
(COUNT FIELD) 


NOTES: 


1. HEAD SELECT MAY COME UP ANY TIME AFTER FILE READY. 

ALL TIMING DELAYS AND GATES ARE CONTROLLED BY FCU, 

ABOVE OPERATION IS READ RECORD 2, TRACK 6; READ RECORD O & 2 TRACK 7. 
KEY 1S OPTIONAL AND VARIABLE. 

THIS TEST POINT NOT SHOWN ON LOGIC PAGE. 
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COUNT READ & COMPARED __| 
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SEARCH FOR ADDR. MRK, — 


(COUNT FIELD) 
ADDR. MRK. DETECTED 


COUNT READ - NOT COMPARED 
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Wn Fw BN 


on ye os gh 
INDEX FU/FLOS6 A2/6B 12 4 4 | i 










READ OPERATION (MULTI -TRACK ) 





Sena a a ce ae oe a 
EE EE EES EE EE EE EE SE TE SE TS ee a eee 





0408 


(29/8) 


DBL FREQ WRITE DATA 
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BURST TRIG BcOoOo] | A-B3H2B02 
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eho Co ee eae 
255 ‘BX CONTENTS = 127 BX CONTENTS = 127 
255° | f. * TCX 'CONTENTS =) 255 De ee ee |... CX CONTENTS = 127 
eres = ppiiiinegtsclassiiihisstistr 
a ee ee oh ee Nea ene 


2ND BURST BYTE 





cpcbpe¢cbpe bc bc Oo CO 


3 4 5 6 7 
| 
3 4 5 6 7 
| | 
| | 
| I 
| 
i 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
| 
| (FROM BX) 


SCU WRITE OPERATION ~ PART 2 











08 08 


(19/9) 


re SIGNAL MAME LOGIC PAGE | TEST POINT. LVL |B BYTE OF ONE’S 


NSO81 


NSO8] A-C2G2B04 Ss 
P| VFO TRIG NS101 A-C2J2B09 
= Abit RING 


BIT RING 


A-C2G2D02 + 









ZERO’S COUNT 


I Wed - uoMeredO pray NOS - LUVHO ONIWIL 
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. | | Al 
a 
| | 
Ld | 
1 | | 
| | | | 
| | 
| | | | 
| [Eu | 
| | | 
2 tog 6 7 Ih o B 
I lo | | 
| 2 | | i 6 {7 
3 
| 
| 
| 








COUNT 








AREA 3 een 


SCU READ OPERATION - PART 2 














fesse eleleeusieaeaatie 





Deiecesteanems selueetion seniaeorl ae eacereeeunasiseeien ie nen neceaaettimeimeseas neineeeniie eeieseriegst ea Laceninaee maucsie Sadia ranean asieaieeienase ue au semeis emai seteaeesearia aaemenmi al ieee ceeaeccueeeeen ie 








igre nse resin el eae une Disease ete esetcaiee ue rane aa ena eee tea ee erect eee een eeenenie seepeeceen tenes oem aetna ae meeeent nt enna mene eee ae Die eee eee = r Seal ee ee easier eerie cenit eee en eg pean ea age eel al Sede apc ener a angen ace le genau cA res ea Ot 
Pe ll at so ee earn a PV ea a a fan ce Rt AT A PO he eee nr See retract ere Pern eee te ae Sn ee peepee ee oR nen pte Ho SF Pap te a ee renee OP pe a en Apennines aE pr mE RFE RS Oya BR ete coe 



























$ r 





\ a ¢ e 








[ stewat mame =| LOGIC PAGE TEST POINT SYNC BYTE * | 1ST DATA BYTE | LAST DATA BYTE | 1ST BURST BYTE | 2ND BURST BYTE 
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NS171 
A BIT RING NS181 
NSI7] 
BIT RING NSI81 
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BURST TRIGGER BCOO] 
LOAD BURST CHK BUF NS231 
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‘ asin a te eal Soule cca orcas a eat ie ee ay eee ne es Wath oo te | 


A-C2C4B0 


BIT O BUFFER 





+ . ¢ . . a + . 5 Be lee ab peat oe % 


aE 
' 
j 
t 
{ 
{ 
' 


FDR O BIT NS191 A-C2H5B0 
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DETENT IN AFTER A FORWARD SEEK OF 202 CYLINDERS. 
UPPER TRACE IS XDUCER CHIP OUTPUT AT A1A2/6B13 
2V PER DIVISION VERTICAL. LOWER TRACE IS DETENT 
Pele lee el teenie! DETECTOR OUTPUT AT A1A2/6G02 1V PER DIVISION 
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DETENT IN AFTER A REVERSE SEEK OF 202 CYLINDERS. 
UPPER TRACE IS XDUCER CHIP OUTPUT AT AIA2/6B13 
2V PER DIVISION VERTICAL. LOWER TRACE IS DETENT 
DETECTOR OUTPUT AT A1A2/6G02 1V PER DIVISION 
VERTICAL. BOTH TRACES ARE 2MS PER DIVISION 
HORIZONTAL AND SYNC IS AT SLOW AT 3. 





CYLINDER DETECTION OF THE LAST 27 CYLINDERS 

OF A FORWARD SEEK OF 202 CYLINDERS. 

UPPER TRACE IS THE XDUCER CHIP OUTPUT AT 
A1A2/6G13 5V PER DIVISION VERTICAL. LOWER TRACE 
IS CYLINDER DETECTOR OUTPUT AT A1A2/6B02 2V 

PER DIVISION VERTICAL. BOTH TRACES ARE 5 MS PER 
DIVISION HORIZONTAL AND SYNC IS AT SLOW AT 27. 
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CYLINDER DETECTION OF THE LAST 27 CYLINDERS OF 
A REVERSE SEEK OF 202 CYLINDERS. 
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INDEX DETECTION. 

UPPER TRACE IS XDUCER CHIP OUTPUT A1A2/6G08 

2V PER DIVISION VERTICAL. LOWER TRACE IS 

INDEX DETECTOR OUTPUT A1A2/6B12 1V PER DIVISION 
VERTICAL. BOTH TRACES ARE 50 US PER DIVISION 
HORIZONTAL. 
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HIGH OUTPUT HEAD READING PATTERN 11100101 OVER — 
. CYLINDER 000 
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HIGH OUTPUT HEAD READING PATTERN 11100101 OVER - 
CYLINDER 202 a 


LOW OUTPUT HEAD READING PATTERN 11190101 OVER 
CYLINDER 000 | | 


_ LOW OUTPUT HEAD READING PATTERN 11400101 OVER ss s 3 
CYLINDER 202 eas eee 


AVERAGE HEAD READING PATTERN 11100101 OVER | 
CYLINDER 202 


AVERAGE HEAD READING PATTERN 11100101 OVER 
CYLINDER 202 VIEWED DIFFERENTIALLY AT 

TEST POINTS A281G07-+A2B1 307, 0.2V PER é 
DIVISION VERTICAL AND 5 US: PER DIVISION HORIZONTAL. 
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AM Search, SERDES, 1/0 0.D, 4140 


Burst Buffer and Controls, SERDES, 1/0 0.D, 4170 
Burst Byte Processing, 0.D, 6475 


Chained Reselection, O.D. 6485 

Channel Interface, Read/Write, 1/0 0,D. 4130 
Clocking/Read, O.D, 6455 

Command Decode, O.D. 6415 

Condensed Microprogram Logic O.D. 6401 
Count-Key-Data, Read, C.L.F. 6170 
Count-Key-Data, Write, C.L.F. 6220 

Count, Read, C.L.F. 6160 

Count, Space, C.L.F. 6310 

Counts, Load, O.D. 6450 


' Data, Read, C.L.F. 6180 


Data, Write, C.L.F. 6230 

Decode, Command, 0O.D. 6415 
Diagnostic Test, I/O O.D, 4191 
Diagnostic Test Four, O.D. 6508 
Diagnostic Test Five, O.D, 6509 
Diagnostic Test Introduction, O.D. — 6500 
Diagnostic Test One, O.D. 6505 
Diagnostic Test Seven, O.D. 6511 - 
Diagnostic Test Six, O.D. 6510 
Diagnostic Test Three, O.D. 6507 
Diagnostic Test Two, O.D. 6506 
Diagnostic Tests, In-Line, 6520-6525 


Electro-Mechanical Timing (Forward Accessing), 8100 
Electro-Mechanical Timing (Reverse Accessing), 8110 
End Procedure, O.D, 6480 

Entry Decisions, O.D. 6405 

Erase, C.L.F. 6320 


File Mask, Set, O.D. 6435 
Flag Byte Processing, O.D, 6445 


Gap Spacing, O.D. 6470 


Head.Loading Sequence, F.C. 6030 

Head Loading Sequence, T.C, 8030 

Home Address, Read, C.L.F. 6140 

Home Address, Search, C.L.F. 6250 

Home Address, Write, C.L.F. 6190 
é 


ID Equal, Search, C.L.F. 6260 
In-Line Diagnostics, O.D. 6520-6525 
In-Line Entry Decisions, O.D. 6405 
Index Processing, O.D. 6440 

Initial Program Load, C.L.F. 6280 
Initial Selection, C.L.F. 6120 

Initial SelectionO.D. 6410 

Initial Status Presentation, O.D, 6420 
Instructions, C.L.F. 6100 
Instructions, Circuit Diagram 2100 


Instructions, 0.D, 6400 


Key and Data Equal, Search/Scan, C.L.F. 6330 
Key Data, Read, C.L.F. 6180 
Key Data, Write, C.L.F. 6240 


_ Key Equal, Search, C.L.F. 6270 


Load Counts, O.D. 6450 


. Microprogram Condensed, 0.D. 6401 


Module Power on Sequence, F,C. 6020 
Module Pcwer on Sequence, T,C, 8020 


Overflow Record, C.L.F. 6340 


Presentation, Initial Status, O,D. 6420 
Procedure, End, O.D. 6480 
Processing, Burst Byte, O.D. 6475 
Processing, Flag Byte, O.D. 6445 
Processing, Index, O,D. 6440 
Program Load, C.L,F, 6280 


Form Y¥ 26-4001 -2 
FES Y¥26-0622 


INDEX 


Read Amplifier Scope Patterns, 8091 
Read/Clocking, 0.0, 6455 

Read Count, C.L.F. 6160 

Read Count-Key-Data, C.L.F, 6170 

Read Data, C.L.F, 6180 

Rpad Home Address, C.L.F. 6140 

Read Key Data-Read Data, C,L.F. 6180 
Read Operation, T.C, 8060 

Read Record Zero, C.L.F, 6150 

Read, 1/00,D, 4110 

Read, SERDES, 1/0 0.D, 4150 

Read/Write, Channel Interface, 1/0 0.D, 4180 
Read/Write Circuits, C.C.D. ‘5084 . 
Recalibrate, C.L.F. 6192 

Record Zero, Read, C.L.F. 6150 

Record, Overflow, C.L.F. 6340 

Record Zero, Write, C.L.F. 6210 
Release/Reserve, O.D. 6425 

Reselection, Chained, O.D, 6485 
Reserve/Release, O.D. 6425 

Reset and In-Line Entry Decisions, O.D, 6405 
Resets, C,.L.F. 6110 2 

Resident Diagnostic Tests, O,D, 6500-6510 


Safety Circuits, 5090 

Scan/Search Key and Data Equal, C.L.F. 6330 
Scan/Search O.D. 6460 

SCU Power on Sequence, F.C. 6010 

SCU Power on Sequence, T.C. 8010 

SCU Read Operation - Part 1, 2, 3,:T.C,. 8080-82 
SCU Write Operation - Part 1, 2, T.C. 8070-71 
Search AM, SERDES, 1/00.D. 4140 
Search/Scan Key and Data Equal, C.L.F. 6330 
Search/Scan, O.D, 6460 

Search Home Address, C.L.F. 6250 

Search ID Equal, C.L.F. 6260 

Search Key Equal, C.L.F. 6270 

Seek, C.L.F. 6130 

Seek Commands, O.D. 6430 

Seek Cylinder - Part 1, 2, T.C. 8040-41 

Seek 1/0 O.D. 4180 

Seek Track and Return to 000 - Part 1, 2, T.C, 8042-43 
Selection, Initial, C.L.F. 6120 

Selection, Initial, O.C. 6410 

Sense I/O, C.L.F. 6290 

Sense 1/0, O.D, 6425 

SERDES, Burst Buffer and Controls, 1/0 0.D, 4170 
SEHDES, Read, [1/0 0.D. 4150 

SERDES, Search AM, 1/0 0.D, 4140 

SERDES, Write, 1/0 0,D., 4160 

Set File Mask, C.L.F. 6134 

Set File Mask, O.D, 6435 

Space Count, C.L.F. 6310 

Spacing, Gap, O.D. 6470 

Status Presentation, Initial, O.D, 6420 

Storage Control, UDCL 2110 

Storage Module, UDCD 2120 


Test 1/0, C.L.F. 6290 

Transducer Circuits, 5030 

Transducer Scope Patterns, 8090 

2314/2844 Subsystem, UDCD 2130 

Two by Eight Diagnostic Test, 1/O0.D. 4191 
Two by Eight Switch, 1/00.D, 4190 

Two by Eight Switch, UDCD 2135 

Two by Eight Switch Lines, R.D, 4195 

Two Channel Switch, 1/0 0.D, 4131 

Two Channel Switch, UDCD 2140 


Write Circuits Scope Patterns, 8092 
Write Count-Key-Data, C,L.F, 6220 
Write Data, C.L.F. 6230 

Write Home Address, C.L.F,. 6190 
Write, I/O 0.D. 4120 

Write Key-Data, C,.L.F. 6240 
Write, O.D. 6465 

Write Operation, T.C, 8050 

Write Record Zero, C.L.F. 6210 
Write, SERDES, 1/0 O,D, 4160 


# 
2314/2844 FEMDM (8/68) = X-! 
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